BULLETIN OF THE
BINGHAM OCEANOGRAPHIC COLLECTION
The Bulletin of the Bingham Oceanographic Collection, established by Harry Payne Bingham
(Yale 1910) in 1927, published scientific articles and monographs on marine and freshwater
organisms and oceanography for the Bingham Oceanographic Collection at Yale University.
The series ceased independent publication after Volume 19, Article 2, and was merged into the

Bulletin of the Peabody Museum of Natural History monograph series after 1967.

See also the Bingham Oceanographic Collection Archives,
Invertebrate Zoology, Yale Peabody Museum, in the Archives at Yale:
https://archives.yale.edu/repositories/15/resources/11140

This work is licensed under a Creative Commons AttributionNonCommercial-ShareAlike 4.0 International License.
https://creativecommons.org/licenses/by-nc-sa/4.0/

P.O. Box 208118 | New Haven CT 06520-8118 USA | peabody.yale.edu

THE ANNUAL CYCLE OF PHYTOPLANKTON
IN THE LABRADOR SEA, 1950-51

BY

ROBERT WILLIAM HOLMES

VOLUME XVI, ARTICLE 1

BULLETIN
OF

THE BINGHAM OCEANOGRAPHIC COLLECTION
PEABODY MUSEUM OF NATURAL HISTORY
YALE UNIVERSITY

Issued March 1956
New Haven, Conn., U.S. A.

....

THE ANNUAL CYCLE OF PHYTOPLANKTON
IN THE LABRADOR SEA, 1950-51 1
BY
RoBERT WILLIAM HoLMEs2

TABLE OF CONTENTS

Page

ABSTRACT..........................................................

3

ACKNOWLEDGMENTS. . ........................... ............... . .

4

INTRODUCTION. . . . ..................... ....... ............ . ..... ..

4

HYDROGRAPHY. . . . . . ....................................... .... .. .

5

PREVIOUS INVESTIGATIONS....................................... 11
MATERIAL AND METHODS........................................ 15
THE OBSERVATIONS...............................................
BACILLARIOPHYCEAE. . .• . . ............... .... • ............• ..... .. .
CHRYSOPHYCEAE. • ... • ..................... ......... • ....... .... .. .
DINOPHYCEAE. . ...... ..... • .......•....... • ........• ...... . ..... ..
EUGLENINEAE.•.................................•.......... ..... ..
PROTOMASTIGINEAE. . • . . ................. ........• .......... ...... .
XANTHOPHYCEAE. . . . . ..... • ... • ...... .. ....... ......... • ... ..... ..
CILIATA ••.• •,.....................................................

19
19
23
24
27
27
27
27

DISCUSSION. . . . . . . ...................... .................... ...... . 29
SPECIES LIST, WITH REMARKS ON OCCURRENCE AND
TAXONOMY....................................................... 39
SUMMARY AND CONCLUSIONS. . . . .... ............... ...... .... ... 70
BIBLIOGRAPHY. .......... .................................. . ...... . 71

ABSTRACT
Water samples were collected at approximately two-week intervals at four levels
in the upper 100 m at Weather Station B (56° 30' N, 51 ° 00' W) in the Labrador Sea
during 1950-51. These samples were analyzed for phytoplankton content by the
sedimentation method of Untermohl.
1 Woods Hole Oceanographic Institution, Contribution No. 813.
2 Present address: Scripps Institution of Oceanography, La Jolla, California.
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Comparison with previous observations together with biogeographic character
istics of individual species revealed the almost continual coexistence of allochthonous
and autochthonous elements. The most significant allochthonous contributions
appear to be made by the West Greenland and Irminger currents; contributions
from the Labrador Current seem to be relatively unimportant. Apparently Atlantic
water never reached St. B, although there is a possibility that Gulf Stream water
may intrude into the area on occasion during winter.
A few of the species which are believed to be characteristic of the West Greenland
and Irminger currents are: Chaetoceros atlanticus, Ch. borealis f. typica and f. con
cavicornis, Ch. debilis, Fragilaria oceanica, Rhizosolenia styliformis, and Thalassiosira
gravida; of the Labrador Current: Peridinium depressum and Ceratium arcticum.
Typical autochthonous species were Corethron hystrix, Fragilaria nana, Peridinium
globulus var. quarnerense, and P. oceanicum. The fioristic analysis rather generally
confirms hydrographers' statements concerning the composition and circulation of
water masses in the area.
The annual diatom and dinofiagellate cycles paralleled one another rather closely,
both groups exhibiting spring and fall blooms (in June and September respectively).
The heterotrophic fraction of the total population showed similar tendencies but
maintained itself at a relatively high level throughout summer and early fall. The
smaller phytoplankton species made up a substantial portion of the total population.
Analysis of the factors controlling the population revealed that major changes in
phytoplankton abundance could be accounted for by changes in solar radiation,
stability, zooplankton, and nutrients. Remarks concerning the distribution and
availability of nutrients are speculative in nature.
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INTRODUCTION
In 1949 Dr. Charles A. Fish, Director of the Narragansett Marine
Laboratory, was awarded a U. S. Navy contract to investigate the
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seasonal variation in size and composition of the surface plankton
in two open ocean areas. The U.S. Coast Guard permitted the vessels
which occupied International Ocean Stations B and E to be used as
collecting units. Further co-operation was received from the Royal
Canadian Navy which assisted in collecting data when the H.M.C.S.
ST. STEPHEN occupied St. B. The officers of the 14 vessels involved
in these collections were trained in the use of collecting equipment at
the Narragansett Marine Laboratory. They in turn trained the
relieving officers (Kielhorn, 1951).
The phytoplankton collections from St. B (56° 30' N, 51 ° 00' W)
were given to the author for study. The zooplankton collections
from the same location have been reported upon by Kielhorn (1951).
HYDROGRAPHY
The Labrador Sea consists of that portion of the North Atlantic
which is bounded on the east by Greenland and the Reykjanes Ridge,
on the north by Davis Strait Ridge, and on the west by Baffin Land
and Labrador. To the south and southeast it has free access to the
Atlantic Ocean. In Fig. 1 it can be seen that the continental shelf
along Greenland widens gradually northwestward from Cape Farewell
to Davis Strait Ridge, producing several shoals southeast of the
Strait. The shelf on the northwestern side of the Labrador Basin
is wider than that on the eastern side and increases in width south
ward. For a more complete discussion of the bathymetric features
and nomenclature, see Smith, et al. (1937).
Strong currents are found along the rim of the Labrador Basin,
the eastern edge of which is dominated by the West Greenland Current,
the northwestern and western edges by the Baffin Land and Labrador
currents respectively, and the southern edge by the Labrador Current
and to a lesser extent by the Gulf Stream.
The West Greenland Current consists of water derived from the
East Greenland and Irminger currents; actually, the mixing of these
two fractions is so complete by the time this current rounds Cape
Farewell that the major portion of the West Greenland Current is
mixed water with only small amounts of true East Greenland and
Irminger-Atlantic water. The Irminger-Atlantic water sinks as it
progresses northward and gradually becomes homogeneous with
Labrador Sea water (Smith, et al., 1937). After passing Cape Fare
well, the West Greenland Current takes a northerly set. Between
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Figure 1. Bathyroetric Chart of the Labroador Sea; after Smith, et al., 1937; depth
contours in 103 ro.

1956]

Holmes: Cycle of Phytoplankton in the Labrador Sea

7

Figure 2. Dynamic topography of the 1500-0 decibar surface (composite 1928-1935);
from Smith, et al., 1937,
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Figure 3. Vertical current section (Hamilton Inlet to Cape Farewell) with the reference
level at 2250 m; after Kiilerich, 1939.

Godthaab and Disko Island it moves in a less resolute manner than
previously, its course and velocity probably being influenced by
bottom topography. During its northwestward journey from Cape
Farewell to Disko Island, large portions of the Current are deflected
to the west, with the result that only roughly 15% of its original volume
reaches Disko Island.
The inshore portion of the western side of the Labrador Basin is
dominated by the southerly-moving Labrador Current, which is
created by the union of the Baffin Land Current and western exten
sions of the West Greenland Current shortly after the former passes
over Davis Strait Ridge. Generally speaking, the Labrador Current
is composed of outer and inner components which may on occasion
be separated by countercurrents. The outer component, which
travels over the steeper part of the slope, carries the bulk of the volume
and is predominantly West Greenland Current water; the inner
portion, which travels over the continental shelf, is mainly water
from the Baffin Land Current, Hudson Strait, and other less important
sources. The Labrador Current eventually reaches the eastern
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Figure 4. T-S diagram for the various currents that cross between Hamilton Inlet and
Cape Farewell at depths between 200 and 1500 m; from Kiilerich, 1939.

slope of the Grand Banks, and in the vicinity of the Tail it is deflected
by the Gulf Stream northward into latitudes 50° -55° N.
Fig. 2 is a composite of the circulation pattern of the dynamic
topography for the years 1928-35, and the reference level is the 1500
decibar surface. Note that the data used for Fig. 2 are not synoptic
and that winter observations are not included. In this figure the
general features mentioned above are discernible. It is also apparent
that St. B is located in an area of slow counterclockwise cyclonic
movement. The exact position and proportions of this eddy can
be expected to vary continuously, but it seems to be a constant
feature in the circulation pattern of the south central Labrador Sea.
A vertical current section (Fig. 3) cutting almost across St. B
(drawn up from the GoDTHAAB's observational material by Kiilerich,
1939) illustrates the more or less typical circulation pattern. Ex
amination of Fig. 3 in conjunction with Fig. 4 shows the various
water masses that flow and interact in the region of St. B. In the
West Greenland Current (Fig. 3, Sts. 3-6; Fig. 4, I), in the northbound
current between Sts. 8 and 9 (Fig. 3; Fig. 4, II) and in the southbound
current on the western side of the eddy (Fig. 3, at about St. 7), the
waters are so similar in character (Kiilerich, 1939) that it seems
likely that they have the same origin. Furthermore, the southerly
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moving water west of St. 9 (Fig. 3; Fig. 4, III) and of the northgoing
current between Sts. 11 and 12 (Fig. 3; Fig. 4, IV) probably represent
opposite sides of the same eddy; the great similarities between these
two currents suggest that they also have the same origin; probably
they are that part of the Labrador Current which has been most
influenced by water which originated in the West Greenland Current
(Kiilerich, 1939). Thus, even though there is considerable homogene
ity between the water masses in the south central portion of the Labra
dor Sea, it appears that they can be traced back to the chief currents
in the area-the West Greenland and Labrador currents. While
this picture may not represent the situation exactly as it existed in
1950-51, it is nonetheless illustrative of the general current pattern
and delineates certain features which are of biological importance.
The salinity in the upper 100 m in the vicinity of St. B seems to
range from 34.50 to about 34.88%0, although exceptions to this
have been noted (Smith, et al., 1937; Soule, et al., 1951). Such
exceptions seem to be the result of an infusion of Irminger-Atlantic or
possibly Gulf Stream water which tends to raise the upper limit some-
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what. There are no winter salinity observations, hence it is impossible
to be certain what the salinity variations are during this period.
Details of the thermal structure in the upper layers must be expected
to vary with meteorological conditions; therefore only generalities
can be considered here. G. A. Riley kindly furnished the author
with monthly summaries of all available temperature records from
the vicinity of St. B (see Fig. 5). As one would expect, the months
from November until March are characterized by instability in the
surface layers, with temperatures ranging from 3-6 ° C. A thermocline
begins to develop in May and the surface waters are well stabilized
from July through September, after which the breakdown occurs.
The temperature at the surface probably never exceeds 9-10° C in
this area. Storms and internal waves, which may be expected to
alter the thermal structure during periods of formation and break
down, probably do not upset the stratification to any considerable
extent after it becomes well established. According to Kielhorn
(1951), the effects of icebergs and field ice can be disregarded.
The distribution of dissolved oxygen is discussed by Smith, et al.
(1937). Oxygen was in rich supply in both surface and bottom water
throughout the area.
The sparseness of nutrient data is unfortunate. The few determina
tions made during the GODTHAAB Expedition do not seem adequate
enough to warrant treatment here.
PREVIOUS INVESTIGATIONS
Although investigations of a botanical nature in waters west of
Greenland began approximately 100 years ago, practically no true
phytoplankton collections were made until 1894, when the Swedish
explorer Nilsson collected material in Baffin Bay (Cleve, 1896;
Gr¢ntved and Seidenfaden, 1938). With the exception of four net
hauls made in Davis Strait in 1871 (Cleve, 1873), all of the collections
prior to Nilsson's were obtained by gathering material from sounding
leads, oily films on the water surface, dust on ice floes, scum on rotten
ice, etc.; these contained relatively few true planktonic species. It
remained for the German Drygalski Expedition, acting under the
influence of Hensen, to make regular collections with a fine net and to
count the more important forms; the majority of these collections
were made in Little Karajak Fjord, although some were also obtained
on journeys to and from the area. The first study of plankton in the
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Labrador Sea (hereafter the discussion will be limited to investigations
in this area) was carried out in the years 1897-1899 by Wandel, et al.
(1900). Though primarily interested in the northern Atlantic, they
made extensive collections in the vicinity of Cape Farewell and
northward to Disko Island (see also Gr¢ntved and Seidenfaden, 1938).
In 1904, Ostenfeld and Paulsen published the results of their examina
tion of Steenstrup's samples, collected in the vicinity of Cape Farewell
and Julianehaab in 1899. During the oceanographic and meteoro
logical investigations carried out by the S. S. ScoTIA in 1913 in the
waters east and north of Newfoundland, numerous samples of phy
toplankton were collected and examined by Crawshay (Report, 1914).
Gran (1929a) was the first person to use modern methods in his
investigation of the phytoplankton and ciliates along the western
coast of Greenland. In 1930 Iselin published some observations
from material collected in the Labrador Current and in the neritic
provinces along the Labrador coast. The most comprehensive study
of phytoplankton in the waters west of Greenland has been made
by Gr¢ntved and Seidenfaden, who in 1938 published the results
of their examination of the GODTHAAB Expedition's collections.
In addition to an account of their own observations, they also reviewed
carefully all of the previous investigations, correlating them with
their own results.
In the following summary, observations by different investigators
in different years and seasons have been combined to give a consecutive
account. Obviously there are some disadvantages in adopting such
a method, but the great similarities in the occurrence of dominant
genera and species appear to make such a treatment justifiable. No
references have been given to interrupt the account, but original
papers have been consulted when available (Cleve, 1873, 1896;
Wandel, et al., 1900; Ostenfeld and Paulsen, 1904; Report, 1914; Gran,
1929a; Iselin, 1930; Gr¢ntved and Seidenfaden, 1938). When original
papers have been unavailable, the summaries of previous investiga
tions by Gr¢ntved and Seidenfaden have been used.

The West Greenland Current. In the early spring months there
probably exists in the fjords and along the shore of West Greenland
a Fragilaria community accompanied by species typical of spring
cold water and melting ice (taenio plankton-Gran, 1900; Grpntved
and Seidenfaden, 1938). The extent to which this community can
be found in the West Greenland Current is unknown.
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In April, May, and early June, south of Fiskenaesset in that portion
of the West Greenland Current which is influenced most by Irminger
Atlantic water, there is a tremendous development of Phaeocystis,
accompanied by small amounts of Chaetoceros decipiens and Thalas
siosira gravida. Also, in the vicinity of Cape Farewell there exists
at the same time in the westernmost portion of the same current a
sparse population of Dinophysis acuta and Chaetoceros atlanticus.
In June and July Chaetoceros decipiens gradually replaces Phaeo
cystis to become the characteristic species of the West. Greeland
Current north of Fiskenaesset. At the same time, farther south
in the vicinity of Julianehaab and Cape Farewell, Rhizosolenia hebetata
f. semispina, R. styliformis, and Thalassiothrix longissima begin to
appear and replace the Phaeocystis community noted earlier. At
this time there also exists in this area, in the colder inshore portion
of the West Greenland Current, a population dominated by Chaeto
ceros species (notably debilis, laciniosus, and furcellatus) and Thalas
siosira gravida.
In August, farther north, out over the banks (Little Hellefisk and
Fylla), the phytoplankton population is dominated by a community
consisting primarily of Chaetoceros compressus, Ch. debilis, Leptocy
lindrus danicus, and Thalassiosira bioculata. Farther offshore, in
the easternmost portion of the West Greenland Current, the charac
teristic species, Rhizosolenia styliformis, occurs in comparatively large
quantities.
In September and October a few diatoms probably attain secondary
maxima, but the central and eastern portions of the West Greenland
Current are dominated by a peridinian community. During this
same period there occurs in the vicinity of Cape Farewell a p opulation
which also contains the remnants of a temperate oceanic and boreal
neritic community.
The Labrador Current. The phytoplankton collections taken in this
Current are not as numerous as those obtained in the West Greenland
Current. Nevertheless there are enough observations to outline the
main types of communities encountered during spring and summer.
In May the Labrador Current is dominated by Thalassiosira
gravida, but the population also includes Chaetoceros atlanticus, Ch.
decipiens, Coscinodiscus oculus-iridis, Fragilaria spp., Thalassiosira
nordenskioldi, and occasionally Ceratium arcticum. Offshore, in the
warmer portion of this current, Rhizosolenia stylif ormis is also in
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evidence. The data are too scanty to say definitely whether or not
this population was preceded by a Phaeocystis community, but likely
such was the case.
In early June the warmer portion of the Labrador Current contains
a population which is dominated by the following: Chaetoceros atlanti
cus, Ch. decipiens, Coscinodiscus centralis, 3 and Ceratium arcticum.
The colder inshore component of the Current is dominated by
Thalassiosira gravida and taenio plankton. During the remainder
of June and during July and August the bulk of the population con
tinues to be made up of the same species, with a few exceptions.
The taenio plankton disappears except where the outflow of Hudson
Strait can be detected. Southwest of St. B, Rhizosolenia hebetata
f. semispina, R. styliformis, and Thalassiothrix longissima are present
in the warmer component of the Labrador Current and are joined in
late July by a few members of the genus Peridinium (depressum,
globulus var. ovatum, and pallidum).
The Central Eddy. No information other than that derived from
the GoDTHAAB's June net hauls is available. These few observations
reveal that the phytoplankton in the vicinity of St. B may be charac
terized by the presence of solitary Chaetoceros forms accompanied
by genera and species such as Ch. densus, Corethron hystrix, Fragilaria
nana, Rhizosolenia hebetata f. semispina, R. styliformis, Peridinium
globulus var. quarnerense, P. oceanicum, etc. Farther north in the
Eddy (c 63° N) the solitary Chaetoceros forms still persist, although
the other forms are replaced mostly by genera and species characteristic
of the West Greenland Current.
With a single exception (Gran, 1929a) the information recorded
in this section has been derived from observations of material in
net haul collections. While net hauls are unsatisfactory in that they
sample only a small fraction of the total population and give only
relative frequencies for the larger species, these results have been
helpful in the present study and will be referred to again in a later
section.
These early studies have shown that each of the currents in the
Labrador Sea may be characterized to a certain extent by particular
plankton communities and that the Central Eddy, in addition to
3 In this case C. centralis may be identical with C. oculus-iridis; see Gr¢ntved and
Seidenfaden (1938) and Report (1914).
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possessing a flora somewhat similar to that of the surrounding cur
rents, also contains a few characteristic species of its own. Thus it
seems that the physical properties used by physical oceanographers
(see Grpntved and Seidenfaden, 1938: 7-9) to differentiate various
water masses and currents serve also within limits to differentiate
phytoplankton communities. It would be incorrect to assume that
temperature and salinity alone determine the qualitative and quanti
tative composition of plankton communities; rather, these physical
properties identify water masses in which other conditions along
with temperature and salinity are the determining factors.
MATERIAL AND METHODS
°

At St. B (56 30' N, 51 ° 00' W), the phytoplankton samples were
collected in Nansen bottles at 0, 14, 27, and 55 fathoms (O, 25, 50,
and 100 m). Immediately thereafter the samples were placed in
pint mason jars and preserved with a neutralized formalin solution.
A bathythermograph was used as a sounding weight on the hydro
graphic wire to which the Nansen bottles were attached so that the
trace could be used to check the sampling depths. Unfortunately
only a few of the BT traces were available, thus making it impossible
to check the accuracy of most of these depths. In the few traces
examined, the average error was not great, but on two occasions
during rough weather the 100 m bottle was actually sampling at about
75 m. It is doubtful that an error of even this magnitude is important,
considering the time lapse between sampling dates; for this reason
such errors have been ignored.
Phytoplankton samples were, with a few exceptions, collected at
weekly intervals. Not all of these have been examined due to lack of
time, but counts were made of material collected at two week intervals
except during periods of rapid change in the phytoplankton, when all
available material was counted.
The phytoplankton samples were shipped to the Bingham Oceano
graphic Laboratory where Gordon Riley concentrated them as follows
prior to shipment to Oslo. The samples were allowed to stand un
disturbed for at least 24 hours; to draw off the supernatant liquid,
a glass siphon was cautiously introduced so that the intake orifice
would be about 5 mm above the bottom of the mason jar; the sedi
ment remaining was transferred to a small homeopathic vial for ship
ment to Oslo. On arrival in Oslo the vials were examined, and the
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few which were broken or showed evidence of leakage were discarded.
The remaining samples were stored at room temperature until used.
A day or so before a sample was to be counted, the sediment was
transferred to a medicine flask and diluted with distilled water4
to a volume of 100 ml. After the diluted sample had been shaken
100 times, 2 and 10 ml aliquots were transfered to counting cylinders,
which were allowed to stand at least 18 hours before examination.
The microscopic examination was carried out with a Prior inversed
microscope. Normally the following magnifications were used in
counting:-240X [ocular, 6X-objective, 4mm (40X)] for the 2 ml
samples, and 120X [ocular, 6X-objective, 8 mm (20X)] for the
10 ml samples. A 3.5 mm immersion objective was frequently used
to identify smaller specimens. Those specimens which could not
be identified with certainty in the counting cylinder were transferred
by means of a micropipette (Nielsen, 1950a) to a regular compound
microscope for further study.
A supplemental check on the identifications of the more numerous
diatoms and thecate dinoflagellates was accomplished by mounting the
organisms in a medium of high refractive index. Pleurax (Cupp, 1943;
Hanna, 1949), the mounting medium used, proved satisfactory in most
cases. The problem of securing sufficient material to make these prep
arations when only water samples were available was a difficult one.
It was not deemed advisable to use up the remaining portion of the
sample after the aliquots had been removed for counting, since further
aliquots might be needed to check the counts and some identifications.
After considerable experimentation, it was decided to save the material
from the counting cylinders and accumulate it until there was enough
to make Pleurax preparations. Even though the identity of each
individual sample was lost, the preparations were of help on numerous
occasions.
The plankton counts are subject to three main classes of error:
those which are inherent in the collection method, those which result
from the concentration and transfer of the sample, and finally those
associated with the actual counting.
No study of errors inherent in the collection of phytoplankton
4 It soon became apparent that formalin should be added to the sample if bacterial
and fungal contamination was to be avoided. Therefore 2-3 ml of 5% neutralized
formalin were added to the distilled water used in the dilution; this procedure was
adopted after the first four series had been examined.
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in the open ocean with Nansen bottles has yet been made. During
the period of immersion, the bottles are continually flushed by the
roll of the ship and, due to the ship's drift, the bottles are continually
sampling different water columns. If we assume that the plankton
is fairly evenly distributed vertically and horizontally, then the sam
ples are probably representative. Patchiness caused by hydrographic
conditions or by zooplankton is known to exist in the open ocean,
so that even this assumption may not be valid. At present there is
no way of knowing how great the sampling error was or whether
or not it remained relatively constant from week to week.
Nielsen (1950b) has demonstrated that a loss of material results
from concentration of plankton in water samples. Since the methods
used by both Nielsen and Riley are similar, Nielsen's results are
indicative of the order of magnitude of this error in the samples
reported here. Nielsen compared cell number of Syracosphaera
dentata (a coccolithophorid) in concentrated and unconcentrated
water samples. His samples were collected simultaneously at the
surface; a Nansen bottle was used to collect the 100 ml sample while
a bucket was used to obtain the one liter sample. The plankton in
the one liter sample was allowed to sediment, after which it was
concentrated by a method similar to that used by Riley. Then the
sediment was carefully transferred by repeated rinsings to a 100 ml
medicine flask and diluted to 100 ml. Cell counts were carried out
with an inversed microscope, the results of which are shown in Table I.
TABLE I.

A COMPARISON OF THE NUMBER OF CELLS PER LITER OF Syracosphaera
CONCENTRATED AND UNCONCENTRATED SAMPLES
(AFTER NIELSEN, 1950b).

dentata IN
Date

Unconcentrated sample
Concentrated sample

15/8

22/8

5/9

15/9

6/10

520
310

1230
660

2400

1110
700

200
80

Generally speaking, Nielsen's results show that a difference of about
50% is obtained between the values for the concentrated and uncon
centrated samples. Since the material reported here was transferred
once more than Nielsen's, we should expect larger differences.
Nielsen's study included the error that results from the use of sub
samples (see p. 18). However, since the values for S. dentata were
consistently lower in the concentrated samples, there can be little
doubt that organisms are lost in the concentration process, though
the actual amount of loss cannot be determined with these data.
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The inversed microscope is undoubtedly the most satisfactory
instrument for the enumeration of plankton organisms. Routine
counting with high magnification is possible with this type of instru
ment, and, in addition, the transfer of small organisms from the
counting cylinders to the ordinary compound microscope is relatively
easy with Nielsen's micropipette (1950a). Of course the actual
process of counting is laborious and time-consuming, but it is doubtful
that this can be remedied.
An investigator who uses this equipment and these methods re
moves subsamples to the counting cylinders and rarely examines
the original water sample in its entirety. Therefore one is confronted
with the problem of the representativeness of subsamples. Hasle
(personal communication) has recently completed a preliminary
report in which she shows that a subsample is as likely as not to be
biased, that different species show different reliabilities, and that the
error in a subsample may vary as much as 200-300% from the true
(mean) value. If we add to this considerable error those which are
induced in the concentrating and transferring of samples, it will be
apparent that the counts are accurate to orders of magnitude only.
The method cannot give an accurate determination of the quantitative
occurrence of all species present nor of the sum total of all organisms
in a certain volume of water. However, the method probably does
give a fairly accurate picture of the relative changes in the occurrence
of the dominant species (Gran and Braarud, 1935).
The pen and ink drawings of diatoms and dinoflagellates in the
systematic section were traced from camera lucida pencil drawings.
In a few cases the drawings are designated as semidiagrammatic,
since they are composites of details observed in a number of indi
viduals. The specimens illustrated in Figs. 13, 14, and 15 were
photographed, and the line drawings were prepared from photographic
enlargements.
Only a few of the plankton tables have been included in the Appen
dix. A complete set is on file at the Bingham Oceanographic Labora
tory and will be made available on request.
In figures that illustrate the variation in cell number with respect
to time and depth, the cube root of the cell number has been used
as the ordinate (Lohmann, 1908).
The following sources have been employed primarily in identifying
species, but original descriptions have been consulted on numerous
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occasions: Cupp (1943), Gemeinhardt (1930), Gran (1905), Grimpe
(1940), Hustedt (1930, 1931), Kofoid and Campbell (1929), Lebour
(1925), Leegaard (1915), Meunier (1910), Paulsen (1908, 1949),
Schiller (1930, 1933).
THE OBSERVATIONS
The annual cycles of diatoms, "flagellates," dinoflagellates, and
ciliates will be discussed individually. Changes in total numbers
and composition and (or) changes in the composition of the population
within each group will be considered. In the case of diatoms, remarks
of a biogeographic nature will be included; these remarks, though
general, will illustrate the heterogeneity of the plankton elements
(Gran and Braarud, 1935) encountered in the area, and at the same
time they will serve as the basis for a discussion of the factors responsi
ble for their presence.
Since salinity determinations are lacking, it is necessary to rely
on species representation to evaluate the role of currents in determining
the composition of the total phytoplankton population. Actually,
the biogeographic terminology, obviously in need of revision and
clarification, has been derived from observation of species in nature,
and their distributions are dependent on the net effect of many factors.
A good beginning in the study of these factors has been made. When
more complete experimental results are available, mathematical
methods such as those employed by Riley and coworkers (1941,
1946, 1949) will permit an evaluation of the inter-relationships of
the various factors in the environmental complex. Once this has
been accomplished we will be able to redefine or set up new biogeo
graphic terms which will conform to the actual role played by the
environment in the distribution of phytoplankton species. In any
case, unsatisfactory as these classifications may be at present, they
have been of considerable help in understanding the biology of the
southern Labrador Sea.
BACILLARIOPHYCEAE

The number of diatoms (cells/liter) observed at the various sampling
depths during this investigation are presented in Fig. 6, and these
totals minus the values for Fragilaria nana are given in Fig. 7. The
great numerical abundance of this small species so dominated the
picture of the annual cycle that complete totals, when used alone,
obscure important changes in the larger but less numerous species.
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Therefore the two figures are given. Examination of Figs. 6 and 7
reveals that the annual diatom cycle can be divided roughly into
three periods, delimited as follows: Period A-November 23 to April 4;
Period B-April 5 to June 7; Period C-June 8 to November 22.

Period A (November 23-April 4). While observations during this
period are neither as continuous nor as complete as those during
Periods B and C, enough observations were made to reveal that Period
A was characterized by low diatom numbers at all depths. Certain
fluctuations did occur, but with a single exception (March 22 at 50 m)
they were of relatively minor importance.
In Period A we observed several neritic species from temperate
waters (Chaetoceros affinis, Ch. affinis var. willei, Ch. brevis, Ch. pelagi
cus, and Leptocylindrus danicus) which were not observed in Periods
B and C. Similar species, together with some from temperate
tropical oceanic waters, were reported for the vicinity of Cape Farewell
in late October by Ostenfeld and Paulsen (1904), and it is not unlikely
that we encountered the remnants of a similar population at St. B
during winter. Similar elements were also observed by Kielhorn
(1951) in the winter zooplankton at St. B.
On March 22 at 50 m we observed a population which was quite
clearly allochthonous. It is impossible that conditions at that time
could have supported such a large population. Examination of the
plankton elements reveals that several oceanic and neritic species
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Figure 7. Annual diatom cycle minus Fragilaria nana.

characteristic of temperate-tropical areas were present (Cerataulina

bergoni, Chaetoceros pelagicus, Schroderella delicatula, Stephanopyxis
palmeriana, and Thalassiothrix longissima); these data suggest that
this was a population not endemic to the area.
The intermittent appearances of these "foreign" elements during
winter in our area certainly indicate that currents are operative. The
presence of temperate and tropical species does not necessarily mean
that temperate and (or) tropical water masses enter into the circulation
of the Labrador Sea but rather that the West Greenland, Labrador,
and Irminger currents have probably been in contact with water
masses of southern origin.
Ostenfeld and Paulsen (1904) and Gr0ntved and Seidenfaden (1938)
believed that the presence of neritic species during October and
November near Cape Farewell was due to the transport of populations
from the North Atlantic and from neritic provinces along the southern
coast of Iceland, first by the Gulf Stream and then by the East Green
land and West Greenland currents. However, Kielhorn (1951),
postulating a possible connection of the Central Eddy with the Gulf
Stream to the south of St. B, believed that such a connection could
be effected by a combination of three processes: 1) direct replacement
of the sinking northern Labrador water by a surface influx from the
southeast, 2) diffusion and expansion of the North Atlantic Eddy,
and 3) strong or continued southeast winds during winter. As
Kielhorn points out, the relative importance of these three agencies
cannot be evaluated until winter hydrographic observations are
available. Apparently either or both of the processes suggested by
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Ostenfeld and Paulsen and by Kielhorn may be operative, but no
definite conclusions can be drawn at present.

Period B (April 5-June 7). Excluding for a moment the values for
Fragilaria nana and considering the population in the upper 25 m only,
we find that the number of diatoms fluctuated but remained at a low
level (c 1000 cells/I) from April 5 until May 24, when a definite increase
occurred for about a week; this increase was then followed by a de
crease, after which the numbers rose sharply. The increase during the
last week of May in the upper 25 m illustrates how rapidly a bloom can
occur when conditions are near optimal; within one week the cell
number increased from less than 2,000 to over 35,000 cells/1, and, if we
include Fragilaria nana, from over 5,000 to 87,000 cells/I. This repre
sents about one cell division every 36 hours, assuming no loss-a rapid
rate (see Steeman Nielsen, 1935) but certainly a minimal estimate.
Fragilaria nana, which began to increase in the latter part of Period
A, continued to increase in abundance until May 1, after which its
development generally paralleled that of the other diatoms.
By June 7, several species exhibited maxima: Fragilaria nana
(49,000 cells/1), Thalassiosira bioculata (4,600), Thalassiosira spp.
(4,600), mostly T. gravida but probably including T. decipiens, and
"unclassified centrate diatoms" (20,000). Of the other species which
were encountered during Period B, the following may be mentioned:
the solitary forms of Chaetoceros borealis, Chaetoceros spp. 1, Corethron
hystrix, Eucampia zoodiacus, Fragilaria oceanica, F. oceanica f.
circularis, Nitzschia closterium, N. delicatissima, N. seriata, Rhizoso
lenia alata, and R. hebetata f. semispina. Still other species were
seen more or less intermittently or made their appearance in May.
If we consider the species with regard to their biogeographic type
(Gran and Braarud, 1935; Gr¢ntved and Seidenfaden, 1938), the
heterogeneity of the population is apparent. Representatives of the
following groups were observed: boreal oceanic, temperate oceanic,
arctic neritic, boreal neritic, temperate neritic, and finally boreal
tychopelagic. The boreal and temperate oceanic forms dominated
the scene, but arctic neritic species were often important. These
biogeographic classifications are only general, but they do serve to
illustrate the amalgamation which occurs in the region of St. B.
Period C (June 8-November 22). Following the June 7 bloom there
was a gradual but somewhat irregular tendency toward reduction in
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cell numbers at all depths until early August, when the summer mini
mum occurred. Immediately thereafter there was an increase,
after which the numbers fluctuated but remained at a low to moderate
level until early November. By November 23 numbers were low at
all depths and winter conditions probably had begun to set in. How
ever, there were exceptions when marked increases were observed
at the surface on September 21 (probably from an influx of a population
containing allochthonous elements) and on October 19.
Considering this general picture in somewhat greater detail we find
that many of the species listed for Period A were still present and
abundant and that many of these species attained annual maxima
during Period B. Of these, eleven might be mentioned: on June 14
Fragilaria oceanica f. circularis (18,000 cells/I) and Eucampia zoo
diacus (700); on July 4 Chaetoceros atlanticus (140), Rhizosolenia
setigera (130) and R. styliformis (1,100); on July 11, Rhizosolenia
alata (5,100) and R. hebetata f. semispina (44,000); on July 25 Dacty
liosolen mediterraneus (8,600); on September 2 Corethron hystrix
(5,300); and on September 21 the solitary forms of Chaetoceros borealis
f. concavicornis and Ch. convolutus (25,000).
Here again we note the mixed character of the phytoplankton.
For instance, the presence of Asteromphalus robustus, Nitzschia sp. 1,
and Thalassiosira subtilis at the surface on September 21 is certainly
indicative of the recurring allochthonous nature of the population.
Generally speaking, the dominant species, as in Period B, were from
boreal and temperate oceanic waters although neritic species from
arctic, boreal, and temperate waters were frequently encountered.
It is fairly safe to assume that none of the species which are character
istic of other biogeographic provinces reach the same abundance
in our area as they do under optimal conditions in their own bio
geographic locality. Nevertheless they do thrive well enough to
be of considerable quantitative importance at St. B.
0HRYSOPHYCEAE

Members of this class were never particularly abundant, hence
they played an insignificant role in the productivity of the area.
An account of the species and their annual cycles will be found on pp.
56-57.
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DINOPHYCEAE

Fig. 8, which presents the annual dinoflagellate cycle, reveals
that the period division used for the diatoms is also applicable here.
In fact, the similarity between the two cycles is striking. Unlike the
diatoms, however, this group includes both auto- and heterotrophic
orgamsms.
Om.
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Figure 8.

Annual dinoflagellate cycle.

Period A (November 23-April 4). As was the case with diatoms,
the number of dinoflagellates remained at a low level at all depths
during this period. The large amount of detritus in the January 13
and February 13 samples prevented accurate counting at this time,
but there can be little doubt that the annual minimum occurred
during this period.
The dinoflagellate flora observed during Period A was more or less
similar to that observed during the latter part of Period C (p. 25)
although the number and abundance of species during Period A were
considerably reduced. The occurrence of Cladopyxis cf carophyllum,
Peridinium cf pendunculatum, P. trochoideum, and Podolampas palmi
pes showed that allochthonous elements were frequently present.
Although these elements were neither as abundant nor as clearly
manifest as they were in the diatoms (p. 20), the factors responsible
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for their presence must have been the same as those that were re
sponsible for the presence of the allochthonous diatoms.

Period B (April 5-June 7). From April 5 to May 1 there was an
increase in the number of dinoflagellates at the surface (0 m). On
May 24 we observed a decrease which was much more apparent at
25 and 50 m than at the surface. One week later this decrease was
followed by an increase which continued until June 7, when the
annual dinoflagellate maximum occurred at the surface and at 25 m.
Practically every species that is important by virtue of its regular
occurrence and (or) abundance was observed during Period B or
just prior to it in Period A. The following appeared in March-April:

Exuviaella baltica, Glenodinium danicum, Gymnodinium wulffi, Oxy
toxum nanum, Peridinium brevipes, P. globulus var. quarnerense, P.
minusculum, Phalacroma rotundatum, and Phalacroma sp. (see p. 65);
these were joined in May by Amphidinium sphenoides, Cladopyxis
claytoni n. sp., Goniaulax gracilis, and Gymnodinium lohmanni. A
few species (Amphidoma acuminata, Cochlodinium sp., Dinophysis
arctica, Exuviaella apora, Peridinium curvipes, P. pyriforme, and
P. trochoideum), probably visitors in the area, were observed once
or twice and were of only minor quantitative importance. Except
on May 22, the numbers of "dinoflagellates not classified" (see p. 66)
increased throughout this period.
On May 31, Phalacroma sp. was the first to reach an annual maxi
mum (350 cells/1); all individuals were then megacytic. On June 7, six
species were recorded in maximal numbers: at the surface (O m)
Oxytoxum nanum (1,500) and Peridinium minusculum (1,800); at
25 m-Cladopyxis claytoni n sp. (4605), Exuviaella baltica (14,000),
and Gymnodinium wulffi (12,000); at 50 m-Amphidinium sphenoides
(690). At the surface (0 m) the largest number of "dinoflagellates
not classified" was also recorded (36,000).

Period C (June 8-November 22): At the surface a large dinoflagellate
population was maintained from the beginning of this period until
about July 11, although the decrease which ended in the August 15
minimum had already begun to take place before July 11. Following
the summer minima, an increase in numbers occurred at all depths,
thus giving rise to the fall maxima on September 21 (see p. 24) at
0 and 25 m. After this the dinoflagellates at the surface decreased
5

The same number was also observed a week earlier at 25 m.
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sharply, then increased, again decreased and increased, after which
there was a gradual diminution until the end of the fall.
In the week following the June 7 bloom, those species which had
just passed their maxima in Period B continued to be present in con
siderable numbers; these, together with Glenodinium danicum, Goniau
lax gracilis, Peridinium brevipes, P. globulus var. quarnerense, and
Phalacroma sp., made up the bulk of the population. On June 27,
Gymnodinium lohmanni (3,300) was the only species that exhibited
a maximum at the surface. An increase in Exuviaella baltica, Gleno
dinium danicum, and Goniaulax gracilis assisted in maintaining the
high population at the surface. On July 4 the dinoflagellates decreased
slightly at O and 50 m while they increased at 25 and 100 m. At this
time, three species not encountered previously in Period C (Ceratium
lineatum, Dinophysis arctica, and Peridinium pellucidum) were ob
served, but they occurred in such low concentrations that their presence
did not materially alter the total number.
From July 4 until August 15 there appeared at St. B several Peri
dineae, some for the first time: Ceratium lineatum, C. arcticum, Dino

physis acuta, D. arctica, Exuviaella apora, Peridinium curvipes, P.
depressum, P. oceanicum, P. pellucidum, P. pyriforme, and P. subinerme.
These occurred in low concentrations and had little effect in offsetting
the downward trend of the total population. As was the case in the
early part of Period C, variations in Exuviaella baltica, Goniaulax
gracilis, Gymnodinium wulffii, and "dinoflagellates not classified"
were largely responsible for changes in the total trend. At this time
also (July 4-August 15), three species which were encountered regularly
throughout spring and summer had maxima: Goniaulax gracilis on
August 8 (9,500), Peridinium brevipes on July 11 (650), and P. globulus
var. quarnerense on July 25 (310). The increase in dinoflagellates
after the summer minimum, however, resulted from an increase in
species that were already present rather than from an influx of new
species.
The flora during the fall was composed of nearly the same species
which had dominated the scene since spring, i.e., Exuviaella baltica,
Glenodinium danicum, Goniaulax gracilis, Gymnodinium wulffi, Oxy
toxum nanum, Peridinium brevipes, P. globulus vzr. quarnerense, and
Phalacroma rotundatum. Although three new species were encoun
tered (Ceratium longipes, Goniaulax cf diegensis, and Peridinium
globulus var. ovatum), they appeared only once or twice and had no
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noticeable effect on the dinoflagellate total. As was the case earlier
in Period B, the changes in total numbers could be largely attributed
to fluctuations in the abundance of three species-Exuviaella baltica,
Goniaulax gracilis, Gymnodinium wulffi-and "dinoflagellates not
classified.''
EuGLENINEAE

A Euglena which could not be identified to species was an important
producer at St. B. It was first recorded in late March, increased
until May 24, decreased slightly on May 31, and then increased
again until June 27, when, at O m, its annual maximum (12,000)
occurred. Following its maximum, it decreased rapidly and was
observed on only two occasions after August 15.
PROTOMASTIGINEAE

Bodo marina, a small heterotrophic organism probably belonging
to this group, was the most numerous single species encountered
during the investigation. An account of its annual cycle will be
found on p. 66.
XANTHOPHYCEAE

Halosphaera viridis was the sole member of this class encountered.
Its annual cycle is described on p. 67.
CILIATA

The annual cycle of the ciliates (Fig. 9) cannot be divided into the
same periods as those of the diatoms and dinoflagellates. Rather
than propose new divisions for this group, the annual cycle is discussed
without reference to such periods.
Low numbers of ciliates were observed during late winter, but by
May 1 an increase at all depths had clearly taken place. Except for
slight recessions on May 31 and June 14, the surface ciliate population
continued to increase until July 11, when the annual maximum was
observed. Events below the surface were more irregular and did
not always parallel those at the surface (see Fig. 9). Following the
surface maximum on July 11, this crop decreased somewhat but in
creased again on August 1. One week later the numbers fell off and
remained at about the same level until September 21, when a further
increase occurred. By October 5 the numbers were reduced but rose
again on October 9, following which they gradually decreased to the
low winter level.
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Figure 9. Annual ciliate cycle.

From February 28 until March 22, only a few ciliates were observed,
none of which was at the surface; Salpingella was present continuously
during this period, as were Acanthostomella, Laboea conica, Lohman
niella oviformis, and Parafavella, which later became abundant. By
May 24 several additional species (Didinium parvulum, Laboea emer
gens, and probably Woodania conicoides) had been observed, and
by then the upper layers (O and 25 m) were beginning to be populated
by the ciliates. On May 31 Didinium parvulum, Lohmanniella ovi
formis, and species of Laboea were numerous at all depths; if one
totals empty and full loricae, Acanthostomella exhibited a maximum
at this time. The following week, June 7, Didinium gargantua
appeared for the first time and Woodania conicoides reached maximal
numbers; otherwise the composition of the population differed little
from that of May 13. On June 14 Didinium gargantua reached its
annual maximum, but genera and species such as Acanthostomella,
Didinium parvulum, Laboea conica, L. emergens, and Lohmanniella
oviformis continued to make up the bulk of the population. Didinium
parvulum, Lohmanniella oviformis, and Ptychocylis exhibited maxima
on July 4; Laboea conica had its maximum one week later. Through
out the remainder of the year the ciliate population was dominated
by the aforementioned genera and species, and any change in the total
number could be attributed to changes in abundance of these. Several
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ciliates occurred which have not been mentioned, but these were never
of great quantitative importance. Thus, as was the case with the
dinoflagellates, relatively few genera and species made up the bulk
of the population, and, when others were encountered, they were of
minor importance only.
DISCUSSION
The flora observed at St. B rather generally confirms hydrographers'
observations concerning the composition and circulation of water
masses in the central area of the Labrador Sea. The Central Eddy
receives considerable contributions from the vVest Greenland Current,
the water of which originates in the East Greenland Current, Irminger
Sea, and Irminger-Atlantic Current. That portion of the Labrador
Current which is most likely to make a contribution to the Central
Eddy is predominantly water of the West Greenland Current which
has made the journey across the northern portion of the Labrador
Sea to become the Labrador Current after fusion with the Baffin Land
Current. While mixing between these two fractions of the Labrador
Current certainly occurs, that portion of the current which passes
nearest to St. B is less influenced by the Baffin Land Current and by
the effluent from Hudson Strait than by that portion which hugs
the continental shelf of Labrador. To the south of St. B the action
of the Gulf Stream in the vicinity of Flemish Cap forces a segment
of the Labrador Current back northward into the area south of St. B.
Although the Gulf Stream may on occasion participate directly in
the circulation of the Central Eddy, such occurrences have not been
observed frequently (Soule, et al., 1951).
While St. B is a subarctic oceanic locality, the population there
is not specifically arctic, boreal, temperate, oceanic or neritic in
character. Instead it is composed of varying proportions of all of
these elements, undoubtedly due to the interaction of the various
water masses in the area. At St. B we find species characteristic6
of: the Irminger-Atlantic fraction of the West Greenland Current
(Chaetoceros atlanticus, Ch. borealis f. typica and f. concavicornis,
Thalassiothrix longissima, etc.); the mixed water of the West Greenland
6 In all such comparisons in this paper, knowledge of the flora of the currents has
been derived from the net collections of previous investigators (excepting Gran,
1929a). There is practically no information concerning the occurrence and distri
bution of nannoplankton.
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Current (Fragilaria oceanica, Chaetoceros debilis, Ch. decipiens, Thalas
siosira gravida, Rhizosolenia styliformis, etc.); the Labrador Current
( Coscinodiscus centralis, Ceratium arcticum, Peridinium depressum,
etc.); and the Central Eddy (the solitary Chaetoceros forms, Corethron
hystrix, Fragilaria nana, Peridinium globulus var. quarnerense, P.
oceanicum, etc.); the latter appear to be characteristic of the Central
Eddy since they have not been reported from the related currents.
Information is not sufficient to determine whether members of this
last group "winter-over" in the area or are contributed to the Eddy
by currents to the south and (or) southeast of St. B.
Evidently not all of the species contributed by the related currents
find conditions favorable for growth; thus many are encountered
infrequently, in low numbers, or not at all. On the other hand, a
few thrive and become important in the area, although they seldom
attain an abundance comparable to that which they probably achieve
in their own provinces. On at least one occasion during the winter
months (March 22 at 50 m) the population was quite clearly alloch
thonous. That such populations are not encountered frequently
during spring and summer is attested to by the facts that the over-all
composition of the populations did not change radically from observa
tion to observation and that there was a rather orderly development
of the most important diatom and dinoflagellate species. Such
probably would not have been the case had we encountered on
successive dates a series of unrelated populations from the various
currents with their different environmental conditions.
Because of the cyclonic movement in the Central Eddy it is likely
that the phytoplankton collected at St. B actually represented collec
tions from a much wider area. This would be the case even if St. B
were located exactly in the vortex of the Eddy. The relative uni
formity in composition of the observed populations then means that
conditions are probably fairly uniform over the greater portion of the
Central Eddy and that observed changes in the phytoplankton were
generally representative of changes that occurred throughout that
area.
Although we have been the first to study a nearly complete annual
phytoplankton cycle in this area with modern methods, some of our
observations have been reported before by other investigators. The
mixed biogeographic nature of the population at St. B, just discussed,
was also apparent in the Central Eddy in 1928 (Gr)'Sntved and Seiden-
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faden, 1938). The remnants of boreal neritic and temperate oceanic
populations in November and December were similar to what Osten
feld and Paulsen (1904) observed southwest of Cape Farwell in late
October. Also, the diatom associations, with few exceptions, were
rather similar to those observed by earlier investigators. In these
respects the present observations have served to corroborate and
elaborate upon features indicated by previous workers, most notably
those of Grpntved and Seidenfaden (1938), whose observations covered
periods of relatively short duration.
It is with regard to the dinoflagellates and flagellates that a few
new observations have been made. This portion of the population
is made up largely of organisms which either passed through the
mesh of the finest nets or were destroyed by methods employed by
earlier investigators. Thus, they have not been recorded for the area
previously. The bulk of the classified dinoflagellate and flagellate
populations was made up of a few species. Of these, Bodo marina
and Exuviaella baltica (Braarud, 1935) and Gymnodinium wulffi (Wulff,
1916) have been recorded previously in similar environments while
Euglena sp. and Goniaulax gracilis have not.
That part of the population which could not be classified, i.e.,
"monades and flagellates" and "dinoflagellates not classified," con
stituted a substantial portion of the total. Unfortunately these two
groups of organisms are of little help at present in tracing the sources
of the various components of the population, nor can the factors
which affect their abundance be completely evaluated since the organ
isms are heterogeneous with respect to mode of nutrition. Never
theless, our observations reveal their significance in the total pro
duction of the area.
Following the diatom bloom on June 7, there appeared a rather
sparse Peridiniitm population composed of only a few species. 7 How
ever, this was not followed by the usual Ceratium community (see e.g.,
Marshall and Orr, 1928; Gaarder, 1938; Nielsen, 1950a), and reasons
for this are not known.
The lack of abundance and variety in the coccolithophorids is
understandable in view of the temperature and salinity ranges at
St. B (Fig. 5; p. 10). Since Atlantic water is generally rich in these
7 If a net had been used for sampling at this time the results would probably have
indicated that Peridinia dominated the population since the more numerous smaller
species would not have been retained i.n the net.
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organisms, there is some evidence that the amount of Atlantic water
which reached St. B in 1950-51 was negligible.
Harvey (1934), Braarud (1935), Steeman Nielsen (1935), and
Sverdrup, et al. (1942) have given excellent reviews of the factors
which affect the production of marine phytoplankton while Riley
and co-workers (1941, 1947, 1946, 1949) have evolved a quantitative
ecological approach to the study of phytoplankton production which
will predict with fair accuracy the amount of phytoplankton that
will be present under a given set of conditions. Riley's methods
have shown that 75-80% of the phytoplankton produced in the areas
he investigated can be predicted from temperature, incident solar
radiation, water transparency, nutrient supply (usually only phosphate
was employed), herbivore zooplankton, vertical turbulence, and
settling velocity of the phytoplankton.
In our study, available data for these basic environmental factors
are not complete, hence they permit only a descriptive analysis of
the way in which a few factors probably affect the abundance of the
standing crop. Three difficulties prevent even this simple analysis
from being as rigorous as desired. First, we lack nutrient observa
tions. Second, an indeterminable portion (probably most often
minor) of the total population was truly allochthonous, so that the
environmental factors which largely determined its abundance may
have differed from those that actively controlled the indigenous
portion. Also, since populations observed on successive elates have
presumably originated in different parts of the Central Eddy (see
p. 30) where conditions undoubtedly differed, a certain amount of
variation will be unexplainable. Third, the population (excluding
the ciliates) was composed of both autotrophic and heterotrophic
species, and, while factors which determine their abundance differ,
it has not been possible to distinguish them in more than general
terms. However, while the analysis is not as precise as desired,
it will point out the major controlling factors and the way in which
they probably operate, will clarify the limitations of this type of
survey, and will reveal the type of information needed in subsequent
investigations.

Period A (November 23-April 4). This period was characterized
by instability in the surface layers (Fig. 5), by low incident solar
radiation (see Fig. 10), and by a small zooplankton population (Fig.
11). Coincidental with the breakdown of stratification in late October
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and November, nutrients began to increase and probably reached
their annual maxima during the latter part of this period.
Generally speaking the phytoplankton remained at a low level in
response to these conditions. Recognizable allochthonous elements,
present in the population almost continuously throughout this period,
were most noticeable from November 23 until January 13 and on
March 22. It is impossible to determine whether or not the popula
tions were entirely allochthonous, but it seems rather unlikely.
Period B (April 5-June 7). Solar radiation continued to increase,
and a thermocline which began to appear in April was well established
by May 31 (Fig. 5). Nutrients, probably abundant during the
initial portion of this period, were certainly reduced by phytoplankton
growth toward the end of Period B. Zooplankton began to increase
early in April, reached a high level in mid-May, and then decreased
rapidly in late May (Fig. 11).
The response of the phytoplankton to these changes was quite
apparent. The increase in organisms from the beginning of Period B
until May l undoubtedly reflects the improved light conditions and
ample nutrient supply. Since only a relatively small population
can be maintained while the surface layers are unstable (Gran, 1929b;
Braarud and Klem, 1931; Braarud, 1935; Steeman Nielsen, 1935;
Riley, 1942), a further increase could be expected as stabilization
increased, provided other conditions were favorable. The failure
of such an increase immediately after the increased stabilization,
while light and nutrient conditions were presumably favorable,
undoubtedly resulted from grazing by zooplankton (Fig. 11). Coin
cidental with the decrease in zooplankton (c May 24), the phyto
plankton again increased to an annual maximum on June 7. If
measurements of CO2 assimilation had been available for the latter
portion of Period B, when zooplankton grazing held the population
in check, they would undoubtedly reveal that production had con
tinued to increase even though it was not reflected by increments in
cell numbers.
Period C (June 8-November 22). Solar radiation was certainly
adequate during most of this period (Fig. 10), although it undoubtedly
became limiting sometime in late October or November. The depth
of the euphotic zone and the compensation point varied considerably
with transparency (Fig. 12), hence the thickness of the productive
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layer varied also; but apparently light was never limiting throughout
the entire water column. The zooplankton (Fig. 11) was not par
ticularly abundant during the early part of this period, though it
exhibited small maxima in mid-June and early July. But in mid-July
it began a rapid increase which culminated in the annual maximum
in early August. Thereafter the numbers decreased rapidly and
reached a low level in late August, only to increase again in the first
two weeks of September. Following this increase, the numbers
decreased again in late September, rose and fell again in October,
rose again in the first half of November and finally decreased. Sta
bility, accompanied by the usual deepening of the thermocline (Fig. 5),
was maintained throughout most of this period. The few available
BT's reveal that the thermocline began to break up in the latter
part of October and was completely absent by December 9. The
absence of nutrient observations for this period is regrettable, but
nevertheless a few speculations concerning nutrients are mentioned
below.
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In attempting to discuss the way in which environmental factors
controlled the population from June through October, many difficulties
arise. The marked similarity in the diatom and dinoflagellate cycles
(Figs. 6, 7, 8) suggests that the factors which controlled them operated
in similar fashion. However, if we com.pare the average number
of known photosynthetic organisms per liter in the upper 50 m. (dia
toms, Exuviaella baltica, Oxytoxum nanum, Euglena sp., and Halo
sphaera viridis) with the corresponding average for the remaining
portion of the phytoplankton population, we obtain a somewhat
different picture (Table II). This comparison is not entirely satis
factory for three reasons: first, comparison of numbers may be mis
leading because of differences in cell volume; second, that group of
organisms which remains after subtracting the known photosynthetic
organisms is still heterogeneous with respect to mode of nutrition;
and third, only rough generalizations can be obtained when using
average .numbers in a water column 50 m deep. Although the abun
dant heterotroph Bodo marina dominated this cycle, an indeterminable
portion of this fraction (consisting mostly of "monades and flagellates"
and "dinoflagellates not classified") was undoubtedly autotrophic.
Futhermore, the heterotrophs probably differed among themselves
in their physiological requirements. Nevertheless, comparison in
dicates that these two fractions reacted differently to conditions at
St. B-an expected phenomenon in view of their differing modes of
nutrition.
The autotrophic fraction reacted as expected during the initial
part of Period C; except for a slight increase in early July (Table II),
the numbers decreased after the June 7 bloom until August 8, when
the summer minimum was recorded. On the other hand, the "heter
otrophic" fraction decreased only slightly after June 7, then gradually
increased to a new high on July 25, after which there was a noticeable
drop on August 1 to the midsummer minimum. The total population
was dominated throughout these months by the heterotrophic fraction.
Assuming that light and turbulence were not limiting factors, one
would expect that changes in the abundance of the autotrophic
fraction at this time were due to changes in available nutrients, sinking,
and grazing by zooplankton. Although sinking has not often been
clearly observed in the present study, it does occur and must be fairly
important. Thus a combination of all three factors mentioned
previously was primarily responsible for the decrease observed at
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TABLE

II.

AVERAGE NUMBER* OF CELLS/LITER IN THE UPPER

50 M

IN AUTOTROPHIC AND HETEROTROPHIC FRACTIONS

Date
28II 1950
8III
22III
29III
5 IV
lV
24V
31V
7VI
14VI
27VI
4VII
11VII
25VII
1VIII
8VIII
15VIII
2IX
12IX
21IX
5X
19X
26X
9XI
23XI
9XII
19XII
31XII
13I 1951
IOII
1711
* Average

of

A utotrophic
Fraction
600

Heterotrophic
Fraction
6,300

7,600
1,800
2,400
19,000
7,700

1,600
1,900
2,800
26,000
9,700

78,000
42,000
21,000
23,000
32,000
16,000
13,000
6,400
11,000
15,000
15,000
26,000
9,500
20,000
10,000
10,000
4,300
1,400
3,100
1,200
1,400
120
180

95,000
73,000
91,000
84,000
100,000
110,000
45,000
180,000
84,000
180,000
90,000
230,000
19,000
93,000
53,000
45,000
22,000
14,000
2,400
1,400

cell numbers in 0, 25, and 50 m samples.

this time, although the relative effectiveness of these factors must
have varied almost continually. Unfortunately our data tell us
nothing of the rate of CO2 assimilation, therefore it is impossible to
assess the relative importance of nutrient depletion. The factors
that control the abundance of the heterotrophic fraction are not well
enough known to permit a close examination of them. We do know,
however, that the presence and increase of this fraction of the popula-
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tion are usually associated with higher temperatures and lower
nutrient supplies than those which prevailed at the time of the spring
diatom bloom. Furthermore, the abundance of the heterotrophic
fraction at this time was probably associated with diatom decom
position products which had become trapped above the thermocline
and which were probably quite abundant after the spring diatom
bloom. The decrease observed on August 1 was almost certainly
the result of grazing by zooplankton.
After the summer minimum, the autotrophic fraction increased
steadily until September 21, when a large population was observed
at the surface; the heterotrophic fraction on the other hand fluctuated
rather markedly during this. time and finally exhibited its annual
maximum on September 21. The trends of the two fractions there
after paralleled each other quite closely, decreasing after September
21, increasing in mid-October, and then gradually decreasing until
the low winter level was approached at the close of Period C. The
fact that the autotrophic fraction began to increase in mid-August
supports the hypothesis that nutrients were no longer limiting. Of
course it is entirely possible that the increase began before this time
but was masked by grazing. At any rate, the source of the nutrients
is problematical. There is no evidence to indicate that storms or
strong winds disrupted the thermocline and thus permitted nutrients
to diffuse back into the surface layer from mid-depths. Any marked
change in the regeneration or turnover rates seems unlikely, although
one possibility is suggested (Braarud, personal communication). If
the fecal pellets of the zooplankton remained above the thermocline
for any appreciable length of time, the nutrients in the digested or
partially digested matter might have diffused into the surrounding
medium, thus effectively bypassing the normal regeneration cycle.
It is also known (Riley, personal communication) that nutrients
diffuse upward into the stabilized surface zone as the thermocline
deepens during the summer months. However, it is not possible to
ascertain the extent to which these factors were responsible for the
postulated increase in nutrients in late summer, but it is quite probable
that both were operative. The factors which controlled the hetero
trophic fraction cannot be elucidated.
The parallelism in the trends of both autotrophic and heterotrophic
fractions following the September 21 maxima may indicate that the
factors controlling them had become somewhat similar. The decrease
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in early October was probably the result of grazing (Fig. 11), and the
increase after this may have been associated, at least in part, with
nutrients and organic matter from decomposing fecal pellets and (or)
turbulence (Fig. 5). The decrease in abundance which began on
October 19 probably resulted from the approach of winter conditions.
SPECIES LIST, WITH REMARKS ON
OCCURRENCE AND TAXONOMY
Introductory Remarks. This portion of the paper is devoted to a
treatment of the annual cycle of individual species and of their mor
phology and taxonomy when pertinent. The class nomenclature of
Fritsch (1935) has been employed, but in this paper genera and
species have been listed in alphabetical order for convenience. Inas
much as each phytoplankton investigator uses his own system of
terminology in presenting plankton tables, often without explanation,
it seems advisable to discuss briefly some of the notations used here.
To verify identifications, it is often necessary to re-examine samples,
especially those studied at the beginning of an investigation; therefore
species not seen in the original examination but which were encountered
subsequently are indicated by a +. No numerical value could be
assigned to these because the aliquot used was not examined in its
entirety, but the volume of the aliquot is given in parentheses in the
plankton table under "Number of ml examined." The volume (or
volumes) used for the original count is listed without parentheses.
A cell number in parentheses indicates that the organism(s) lacked
cell contents. Such a condition was encountered in diatoms but more
often in species of Tintinnoinea (see Kofoid and Campbell, 1929).
For the latter group, two numbers are given for frequency, the one in
parentheses indicating empty loricae, the other full loricae.
To make reliable identifications, a fair number of specimens should
be examined, but often this is impossible because they occur infre
quently. When insufficient specimens for positive identification were
seen, the term cf is used to indicate that the organism(s) in question
resembled the species referred to. A question mark after a species
name indicates that the species is known to the investigator but that
the specimens seen were somewhat atypical.
In some samples, notably those which contain many organisms
and (or) much detritus, there is some uncertainty as to the reliability
of the numbers assigned to certain species. Such uncertainty is
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indicated by a question mark after the number. On a few occasions,
large amounts of detritus prevented an enumeration of certain groups
of organisms, notably "monades and flagellates," and in such cases
n.c. (not counted) has been placed in the frequency column.
All unidentifiable dinoflagellates (thecate and athecate) have been
placed under "dinoflagellates not classified." In this paper the term
"monade" includes organisms (most probably flagellates) which
possessed no discernible flagellae, and since no useful purpose would
be served by separating monades from flagellates, the two have been
combined.
For the most part, no discussion of previous records of a species
is given. For a complete and thorough summary of all information
available to 1937, the reader is referred to Gr¢ntved and Seidenfaden
(1938). However, reference will be made occasionally to the work
of theS.S.ScoTIA (Report, 1914), which was inadvertently overlooked
by Gr¢ntved and Seidenfaden when their work was prepared. Since
1937, no work dealing with phytoplankton in the Labrador Sea
has been published.
The handbooks mentioned in Material and Methods are fairly
complete and are generally available; hence references to synonyms
and special taxonomic papers have been omitted unless they had a
direct bearing on the subject under discussion.
BACILLARIOPHYCEAE

Achnanthes taeniata Grunow
June 7, in check of surface sample; a single chain of cells containing
spores. This typical arctic-neritic species was doubtless carried out
into the south central portion of the Labrador Sea by currents;
it is known to occur regularly in the neritic provinces along the coasts
of Greenland, Labrador, Baffin Land, and Ellesmere Land.
Asteromphalus robustus Castracane
September 21 (480) at O m and December 19 at 25 and 50 m;
recorded once each month. This species is probably more widespread
and more abundant than these observations indicate, for a few speci
mens were observed in the Pleurax preparation of spring samples.
Unidentified specimens of this species have undoubtedly been listed
under "centrate diatoms not classified" during the quantitative exam
ination.
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Cerataulina bergoni H. Peragallo
March 22 (220) at 50 m. This species was recorded in this area
only once before, by Ostenfeld and Paulsen (1904). The fact that
bergoni and other species of a temperate-neritic character were present
at the same time of year in fair quantity when solar radiation was low
and stability not yet established suggests that these organisms were
carried into the Labrador Sea by a current which originated in or
passed through temperate waters.
Chaetoceros affinis Lauder
Early winter months at various depths; observed intermittently but
never abundant (maximum 440). It and Ch. affinis var. willei are
undoubtedly fall visitors in this area (see p. 20).
Chaetoceros ajfinis var. willei (Gran) Hustedt
December 9 at 0 and 100 m; typical willei forms. A few specimens
which were intermediate between affinis and affinis var. willei were
encountered, and these were referred to affinis.
Chaetoceros atlanticus Cleve
July 4 at 0 m (maximum 140) and September 21 at 0 and 100 m.
Chaetoceros atlanticus f. audax (Schutt) Gran
Mid-June to early December (except July) at various depths; ap
peared sporadically; maximum (120) on September 21 at Om. Osten
feld (1913) and Hustedt (1930) included atlanticus f. audax with
atlanticus because atlanticus f. audax, according to them, is a temporary
initial cell for chain formation in atlanticus and is therefore not entitled
to an independent name. Since neither Ostenfeld nor Hustedt have
explained satisfactorily the origin of this cell, f. audax, as in Cupp
(1943), has been retained here.
Chaetoceros borealis Bailey f. typica Braarud
Solitary f. typica: end of March to early December at various
depths; maximum (380) on August 15 at the surface. The presence
of single cells of Ch. borealis f. typica is fairly characteristic of the area
under discussion. In 1913 Crawshay (Report, 1914) found solitary
cells and rarely two-cell chains of Ch. boreale (Ch. borealis f. typica)
south of St. B at 53° 17' N, 50° 57' W. In 1938 Grsantved and Seiden
faden reported similar solitary forms in the vicinity of St. B and
northwards from this area (see also Chaetoceros spp. 1, p. 43).
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A detail visible only in Pleurax preparations was also noted. Occa
sionally solitary cells of this form and of f. varians (see Fig.13) possessed
a small spine on the center of the valve. Possibly this indicates a
closer relationship of this group with Ch. atlanticus than was previ
ously suspected.
Chain forming f. typica: July 4 to August 1 at various depths,
predominantly in the upper 50 m; maximum (350) on August 1 at 50 m.

Figure 13.

Typical specimen of Chaetoceros borealis f. varians.

Scale line = 10 µ.

Chaetoceros borealis Bailey f. varians Gran
Late May, late July and September 21 at various depths, excepting
100 m; maximum (4,300) on September 21 at Om. Fig. 13 illustrates
the general morphology of a typical specimen. As noted under
Chaetoceros borealis f. typica, occasional solitary cells of these two
species exhibited a small spine on the center of the valve, which may
indicate closer affinity with Ch. atlanticus than was previously sup
posed. See also Chaetoceros spp. 1.
Chaetoceros cf brevis Schutt
February 10, 1951 at 50 m. Positive identification was impossible
with so few cells present, hence there is some doubt that the specimens
observed on February 10 belong here.
Chaetoceros debilis Cleve
July 11 at 50 m; seen only once.
Chaetoceros decipiens Cleve
March 8, July 25, August 8 and December 31 (empty cells only) at
various depths.
Chaetoceros furcellatus Bailey
.July 25 at 100 m. Only resting spores (180) of this characteristic
arctic-oceanic species were observed.
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Chaetoceros pelagicus Cleve

Twice in early spring and three times in winter at various depths;
maximum (650) on December 19 at 25 m. Grpntved and Seidenfaden
(1938) report that this species was seen by Ostenfeld in the vicinity of
Cape Farewell. Other records are lacking.
Chaetoceros perpusillus Cleve

June 7 at the surface; observed only once (1,800). Never recorded
in this area before. According to Hustedt (1930), this is a neritic
species that occurs along the coast of northern Europe and in the
Mediterranean Sea. Its occurrence at St. B is puzzling, especially
since it has not been observed in the coastal areas of Labrador or
Greenland.
Chaetoceros cf simplex Ostenfeld

March 8 at 25 m (98); since only a few cells were seen, this identifi
cation is only tentative.
Chaetoceros spp. 1, including Ch. borealis Bailey f. concavicornis
(Mangin) Braarud and Ch. convolutus Castracane.

Solitary and chainforming cells of both species were present in
varying concentrations throughout entire year; maximum (17,000) on
September 21 at Om; on seven other occasions, concentrations greater
than 100 cells/1 were recorded, but in most cases the concentration
was lower.
Comments.

In 1935 Braarud proposed that:
Ch. borealis f. typica include Ch. borealis Bailey and Ch. borealis f.
solitaria Cleve;
Ch. borealis f. concavicornis include Ch. concavicornis Mangin and
Ch. concavicornis f. volans (Schutt) Gran;
Ch. borealis f. varians remain as defined.
Braarud's proposed revision was based on examination of intermediate
forms collected during the �ST Expedition to Denmark Strait and on
remarks by Gran (1904) concerning similar variations. Grpntved
and Seidenfaden (1938) did not recognize this change because the
GODTHAAB material contained no specimens with similar variations.
Although the validity of Braarud's proposed change can be determined
only by careful morphological observations on cultured forms, Braarud's
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nomenclature is followed here because it appears to be well founded
and realistic.
Unfortunately Braarud's proposed change does not solve the prob
lem of Ch. concavicornis f. volans (Schutt) Hustedt, which Hustedt
(1930) believed to be nonchainforming. Braarud's material was not
good enough for a satisfactory treatment of this problem, and obser
vations during this investigation have shed little additional light
since it has been impossible to compare our solitary "concavicornis"
cells with Hustedt's nonchainforming type. Although corroboratory
evidence is lacking, we suspect that, in the area of St. B at least, the
solitary cells result from environmental influences rather than inherent
physiological characteristics, but obviously confirmation from culture
experiments is necessary before serious attention can be devoted to
such theory. Although Braarud's nomenclature is utilized here, the
reader is reminded that Hustedt's nonchainforming type may be
represented in the observations.
Further complications arose when a solitary Ch. convolutus Castra
cane could not be distinguished from solitary Ch. borealis f. concavi
cornis in the counting cylinder. In fact, only Pleurax preparations
revealed that two species were present. In the inversed microscope,
none of the normal diagnostic characters could be used to separate
them; the taper of the bristles in both species was so slight that this
feature was of no value, the sulcus in Ch. convolutus was invisible, and
the width of the girdle band was not reliable. Normally this last
mentioned character is quite useful, but Pleurax preparations revealed
that when a solitary Ch. borealis f. concavicornis begins to divide there
is a pronounced elongation of the girdle zone; thus it is impossible to
use this character (in the counting cylinder) as a basis for separating
the two. Due to the extreme difficulties of distinguishing solitary Ch.
borealis f. concavicornis from solitary Ch. convolutus, they have been
grouped together under Chaetoceros spp. 1.
Chaetoceros borealis Bailey f. concavicornis (Mangin) Braarud
Solitary f. concavicornis: not identifiable with certainty in the in
versed microscope. As in the case of Ch. borealis f. typica, solitary
cells are fairly characteristic of this area, Crawshay (Report, 1914)
having found them south of St. B at 53 ° 17' N, 50 ° 57' W, Gr0ntved
and Seidenfaden having reported them in the vicinity of St. B and
northward. Fig. 14 illustrates two typical specimens of solitary cells.
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Scale line = 10 µ.

Chainforming f. concavicornis: July 11, September 2, November 5;
maximum (87) on November 5 at 50 m.

Chaetoceros convolutus Castracane
Late May to early September in the upper 50 m; present at least
once a month; maximum (170) on October 5 at 50 m. Single cells of
this species differ from those of Ch. borealis f. concavicornis in that the
girdle is ½ or more the length of the pervalvar axis and the bristles
are usually uniform in width or taper slightly from base to terminal
end (Fig. 15). The sulcus is not as deep as that of Ch. peruvianus

Figure 15.

Typical example of solitary Ghaetoceros convolutus.

Scale line = 10 µ.

Brightwell, figured by Hustedt (1930), and the bristles are typical of
Ch. convolutus in that they are reflexed away from the cell body and
never become the least bit convergent. This is probably a new form
variation of convolutus, but it has not been so designated because of
insufficient information concerning its distribution and morphological
variations.

Chaetoceros sp. (Hyalochaete)
March to early December at various depths; species of the group
Hyalochaete (Hustedt, 1930) were present intermittently; their infre
quent occurrences made species identification impossible. They were
not of great quantitative importance during the period under investi
gation.
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Chaetoceros sp. (Phaeoceros)
Early spring through November at various depths; largest number
on September 21 at 0 m. Unfortunately a considerable number of
solitary specimens of Ch. borealis, Ch. convolutus, and probably a few
other species had to be placed in this category because broken bristles
and occasional poor preservation made specific identification impossible.
These forms had some quantitative importance.
Corethron hystrix Hensen
Late May through December 31 at various depths; maximum
(5,300) on September 2 at 0 m. The annual cycle of this species,
which was of considerable quantitative importance, is shown in Fig. 16.
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Annual cycle of Corethron hystrix.

Coscinodiscus marginatus Ehrenberg
Intermittently from May 24 to September 21 in the upper 50 m;
never numerous; maximum (46) on August 1 at 50 m. This appears
to be one of those species which has a widespread distribution but

_.
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which is seldom found in large numbers. Gr¢ntved and Seidenf aden
(1938) did not encounter this species during the GODTHAAB Expedi
tion, but they list several records by other investigators, one of which
is for Julianehaab (Ostenfeld and Paulsen, 1904). Crawshay (Report,
1914) recorded C. marginatus twice: scarce at 48° 42' N, 47° 12' W;
frequent at 50° 40' N, 51 ° 03' W.

Coscinodiscus radiatus Ehrenberg
August, September and November at various depths excepting 50
m; maximum (58) on August 15 at 100 m. Like C. marginatus, this
species was encountered infrequently and in low numbers only.

Coscinodiscits sp.
Mid-June, early July, mid-July at the surface and at 50 m.
species of Coscinodiscus, probably C. centralis.

A

Dactyliosolen mediterraneus H. Peragallo
Observed intermittently from April to February at various depths;
maximum (8,600) on July 25 at 50 m. The fact that the majority of
mediterraneus occurred at 50 m or below suggests that it may be carried
into this area by currents, which is in agreement with observations of
Gr¢ntved and Seidenfaden (1938).
Nearly every time D. mediterraneus was observed, the epiphyte
Solenicola setigera (Hustedt, 1930) was found on its cells. Counting
was often difficult, either because the parasite S. setigera obscured the
cell ends or because the diatom was so weakly silicified that the cell
ends and structure could not be resolved under the inversed micro
scope. A few times during the winter, empty cells without the epi
phyte were recorded.

Eucampia zoodiacus Ehrenberg
Early March until late July at various depths; never occurring in
great numbers, it was nonetheless of importance. Most of the speci
mens were single-celled and in fairly poor condition, indicating that
they probably had been transported into unfavorable waters (St. B),
where they managed to live but not thrive.

Fragilaria nana Steeman Nielsen
Numerically it was abundant, but its small size makes an evaluation
of its productive significance difficult. No attempt has been made to
express the cell counts in terms of volumes; however, Haller Nielsen's
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Figure 17. Frar,ilaria nana (composite) 2815 X: a. valve view; b. bToad girdle view;
c. narrow girdle view.

computations (personal communication) show that 25,000 specimens
of F. nana have approximately the same cell volume as one average
sized Coscinodiscus centralis. Thus, F. nana, in spite of its numerical
abundance, may not have been as important a producer as its high
concentrations might lead one to believe.
Occurring with F. nana, but almost always in considerably smaller
numbers, was a slightly atypical form which has been counted as
nana. It varied from 4 to 10µ in length (apical axis) and from 1 to
3µ in width (pervalvar axis). The chloroplasts, instead of being
round (in girdle view) as in nana, were oblong and did not extend
quite to the center of the valve. Many specimens of nana and the
atypical form were examined in Pleurax, but no structural differences
between the two could be observed. Unfortunately the valve mark
ings were never clear enough to permit absolute certainty that dif
ferences did not exist, but in narrow and broad girdle views the mark
ings appeared identical. The structure, which could be resolved in
nearly every case, is illustrated in Fig. 17. There can be little doubt
that Steeman Nielsen (1935) has correctly referred this form to the
genus Fragilaria, but the validity of the specific name is still question-
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Figure 18.

Annual cycle of Fragilaria nana.

able. It is possible that F. nana is not a separate species but that
individuals which are usually referred to as nana are in reality small
specimens of F. oceanica. The atypical form, with chloroplasts
similar to those of F. oceanica and with a medium size, may well
represent a form that is intermediate between nana and oceanica.
Observations on the combined occurrences of F. nana and the variant
are illustrated in Fig. 18.
Fragilaria oceanica Cleve and Fragilaria oceanica f. circularis Gran
F. oceanica. May 1 to November 23 at various depths; though
observed almost continuously, it never reached concentrations equal
to those of F. oceanica f. circularis; maximum (5,700) on October 19
at the surface. See Fig. 19.
F. oceanica f. circularis. May 1 to July 11 and two subsequent
dates at various depths; never abundant after June 24; maximum
(18,000) on June 14 at surface. See Fig. 19.
The transition from the chainforming oceanica f. circularis to the
solitary oceanica may be due to a temperature phenomenon; Braarud
(personal communication) suspects that such transitions result from
unfavorable conditions. The maximum number of oceanica f. circu
laris occurred when the temperature was between 3 ° and 5° C, which
conforms to our knowledge of the temperature "requirements" of the
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Figure 19. Annual cycle of Fragilaria oceanica (solid bars) and Fragilaria oceanica f.
circularis (stippled bars).

species (Report, 1914; Gran, 1929a; Braarud, 1935; Gr¢ntved and
Seidenfaden, 1938; Gaarder, 1938). F. oceanica was encountered
most frequently during the warmer months, but its maximum abun
dance occurred when the temperature ranged between 5° and 6° C.
These observations indicate that there may be different optimum
temperatures for oceanica and oceanica £. circularis.
Fragilaria sp.
Diatoms of the genus Fragilaria which could not be identified to
species were recorded intermittently from February until December.
A maximum (2,800) was noted on June 14 at the surface.
Leptocylindrus danicus Cleve
December and late March at various depths; maximum (950) on
December 19 at the surface.
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Melosira sp.
March (twice), May (thrice), June (once); all cells lacked contents
and, with a single exception, were observed at 50 and 100 m. These
Melosira resembled no known species.
Nitzschia closterium W. Smith
Present throughout investigation at various depths; occurred in
moderately low numbers; maximum (1,500) on August 1 at 50 m.
Nitzschia delicatissima Cleve
Present throughout most of investigation at various depths; maxi
mum (3,600) on August 8 at the surface. Usually little difficulty is
encountered in distinguishing delicatissima from seriata, but in this
area the variation in size was so great that it was often impossible to
separate the two. Haller Nielsen (personal communication) had
similar difficulties with material from the Norwegian Sea. Only
typical delicatissima have been listed here. All forms intermediate
between delicatissima and seriata have been listed under Nitzschia spp.
Nitzschia seriata Cleve
Present throughout most of investigation at various depths; maxi
mum (2,000) on August 15 at 50 m. Only typical N. seriata have
been listed here. See Nitzschia spp. for forms intermediate between
seriata and delicatissima.
Nitzschia sp. 1
September, December and February (1951) at all depths; numbers
ranged from 29 to 700 cells/I except for a maximum (2,600) on Sep
tember 21 at Om. The Nitzschia recorded here did not resemble any
of the known species (Fig. 20), possibly excepting Cleve's (1873, 1883)
Nitzschia lanceolata var. pygmaea. It is not listed as a new species
because only 12 specimens were found and examined in Pleurax.
They possessed two chromatophores, and chains were formed by the
overlapping of the cell ends in typical Nitzschia fashion. In valvar

b.

Figure 20.
1610 X.

Nitzschia sp. 1: a. valve view (semidiagrammatic), 2000 X; b. girdle view
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view the striations of the valve could not be resolved, but the keel
puncta were distinct, with the keels located diagonally opposite.
The ends of each cell were usually rounded, but in a few cases they
were distinctly capitate. In girdle view the cell was slightly sigmoid,
the ends blunt, or occasionally slightly rounded. The length of the
valve varied from 25 to 32µ, the width from 1.5 to 3µ. Keel puncta
18-20 in 10µ.
Nitzschia spp.
Present throughout most of the investigation at a variety of depths;
maximum (2,000) on August 1 at 50 m. As mentioned previously,
all forms included herein were intermediate between delicatissima and
seriata.
Rhizosolenia alata Brightwell
Present sporadically during early part of year at various depths;
reached sudden maximum on July 11 (5,100) at 25 m; considerable
numbers still seen on July 25 at 25 and 50 m; occurrences then became
somewhat rare again and of little quantitative importance.
Rhizosolenia hebetata f. semispina (Hensen) Gran

Late March to mid-September at all depths; important species;
occurred regularly; maximum (44,000) on July 11 at 25 m; secondary
increase (4,800) on September 21 at the surface. Its annual cycle is
presented in Fig. 21. The maximum numbers after the spring diatom
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Figure 21. Annual cycle of Rhizosolenia hebetata f. semispina.

Oct ..

►

1956]

Holmes: Cycle of Phytoplankton in the Labrador Sea

53

bloom lend support to Gr!iintved and Seidenfaden's (1938) statements
that R. hebetata f. semispina does not require high nutrient concentra
tions to become abundant.
Rhizosolenia setigera Brightwell

July (twice) at 50 m; temperate-neritic species observed in small
numbers; doubtless a visitor to this area.
Rhizosolenia styli!ormis Brightwell

Latter May to late September at various depths; occurred rather
irregularly; maximum (1,100) on July 4 at 25 m.
Rhizosolenia sp.
March 22 and July 4 at 50 m; damaged cells belonging to this genus
but which could not be identified to species are included here.
Schroderella delicatula Pavillard

Once only (250), on March 22 at 50 m. To the author's knowledge
this species has not been recorded previously in the area of St. B. S.
delicatula was probably carried into our area by currents from a
temperate-neritic province, since its occurrence was concurrent with
other temperate-neritic species. Specimens were identified from the
excellent illustrations by Cupp (1943).
Skeletonema costatum (Greville) Cleve

Once only, on September 2 at 100 m. Gr!iintved and Seidenfaden
(1938) recorded this neritic species north of St. B in October. It was
probably carried into our area from the neritic provinces of Greenland,
and (or) possibly Labrador.
Stephanopyxis palmeriana (Greville) Grunow

A single cell (equal to a concentration of 31 per liter) was observed
on March 22 at 50 m; not recorded in this area before. Like Schroder
ella delicatula, it was doubtless carried into the area by currents.
Stephanopyxis sp.

March 31 at 25 m; a single specimen which could not be identified
to species.
Thalassiosira bioculata (Grunow) Ostenfeld

Present throughout investigation except for four collections; com
mon and at times fairly abundant; see Fig. 22 for details of its annual
cycle. When examined with the inversed microscope, this species,
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Figure 22. Annual cycle of Thalassiosira bioculata.

characteristic of the area, is often difficult to identify since it resembles
a small Coscinodiscus. Therefore only cells which had a pervalvar
axis longer than the cell diameter were referred to this species; others
were placed under "centrate diatoms not classified."

Thalassiosira nordenskioldi Cleve
Observed only once on March 22 (at 50 m) during the quantitative
examination, but identification of several specimens in the Pleurax
preparation, made by combining the spring samples, indicates that it
was probably present more often. At such times it must have occurred
as single cells, since no chains were seen before or after March 22.
Thalassiosira subtilis (Ostenfeld) Gran
Once in early August and again in September and October in the
upper 25 m; maximum (190) on October 5 at the surface.
Thalassiosira spp.
Continuously from early June until August 8 at a variety of depths;
maximum (4,600) on June 7. Normally little difficulty is encountered
in distinguishing decipiens and gravida, but it was not apparent that
decipiens was present until specimens were examined in Pleurax.
Judging from the relative abundance of these two species in the mounts,
gravida must have been far more abundant than decipiens.
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Thalassiothrix longissima Cleve and Grunow
Present regularly from late June until August 15 and once in March,
May and December at various depths; maximum (160) on July 11
at 0 m, and on August 1 at 50 m.
"Centrate diatoms not classified"
Taken as a unit, the annual cycle of the centrate diatoms can be
summarized as follows (Fig. 23): maximum numbers in June and
July; considerable fluctuation during remainder of year; minima
during late May and middle to late winter. It is not a coincidence

Figure 23. Annual cycle of "Centrate diatoms not classified."

that the maximum of centrate diatoms and of Thalassiosira spp.
corresponded, for it is highly probable that most of the centrate
diatoms which occurred during this period were species of Thalas
siosira.
Except for those listed below, it is impossible to say with certainty
what species are included under this heading. Most of the individuals
belong to two genera, Coscinodiscits and Thalassiosira, but others, no
tably Asteromphalits (see p. 40), may be included. All forms referred
to this group were solitary and were less than 34µ in diameter.
It was originally hoped that Pleurax preparations would prove
helpful in further identification of these forms, but the results were
disappointing. Many individuals still possessed contents which
obscured the valve structure; in others which were empty, the valve
structure could not be resolved. However, in spite of these difficulties
a few identifications were made. In the Pleurax preparations, made
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by combining samples from March until late June, Coscinodiscus
curvatulus var. kariana was most common; Thalassiosira bioculata
(cells in which diameter was less than length) was fairly common;
and T. hyalina, Asteromphalus robustus, and Coscinodiscus curvatulus
were represented by only a few specimens. From July until October
the same species, except T. hyalina, were encountered again.
"Pennate diatoms not classified"
Present throughout the year with considerable regularity at various
depths; maximum (2,100) on August 1 at 50 m; concentrations of
1,000 or more in mid-June, late July, and mid-September.
CHRYSOPHYCEAE

Chrysocapsineae
Phaeocystis poucheti (Hariot) Lagerheim
March 29 only, at the surface. In all probability it was carried
into this area by either the West Greenland or Labrador current.
Coccolithophoridaceae
Coccolithus pelagicus (Wallich) Schiller
Intermittent during summer and early fall at various depths;
observed in five samples, but never abundant; maximum (330) on
August 1, at the surface.
Michaelsarsia cf elegans Gran
Summer at surface; observed on three occasions.
Dictyochaceae

Dictyocha fibula Ehrenberg
Late March at mid-depths; observed on two occasions.
Dictyocha fibula var. aculeata Lemmermann
October 26 at 50 m; single specimen only.
Distephanus speculum (Ehrenberg) Haeckel, including D. speculum
var. regularis Lemmermann
Late February through October (except August) at various depths;
maximum (410) on July 11 at surface.
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Distephanus speculum var. septenarius (Ehrenberg) J¢rgensen
December 9 and 19; recorded only after disappearance of D. speculum
in October.
Distephanus speculum var. octonarius (?) (Ehrenberg) J¢rgensen
First observed with D. speculum on November 23, and again on
December 9 in company with D. speculum var. septenarius. As
indicated, identification to variety is not certain.
Ebria tripartita (Schumann) Lemmermann
May 29, July 25 and December 9 in low concentrations.
DINOPHYCEAE

Amphidinium sphenoides Wulff
Early May to late July at one or more depths almost continuously;
also December 9 and January 13; maximum (690) on June 7 at 25 m.
Amphidinium spp.
Present in numerous samples at various depths; maximum (6,200)
on June 14 at 50 m. On many occasions specimens which probably
belong to this genus were observed. None could be identified to
species since they did not resemble closely enough the species listed
by Schiller (1933). Doubtless some of these were new species, but
they have not been described because of the lack of opportunity to
examine living material. If any specimens of Gymnodinium wulffi
were atypical in that they lacked the characteristic angular hypotheca,
they are probably included here.
Amphidinium cf acuminata Stein
March 22 at the surface; a single specimen resembling this species.
Ceratium arcticum (Ehrenberg) Cleve
August 8 at surface; single specimen. It has been recorded (Gr¢nt
ved and Seidenfaden, 1938) as rare in our area, but it is common in
the cold waters to the east, west, and north.
Ceratium lineatum (Ehrenberg) Cleve
July 4 at 50 m and December 9 at O and 25 m. In all probability
it is a visitor from temperate-boreal waters (Gr¢ntved and Seiden
faden, 1938).

58

Bulletin of the Bingham Oceanographic Collection

[XVI: 1

Ceratium longipes (Bailey) Gran
September 21 at O m.
Cladopyxis claytoni n. sp.
Observed once a month from May 1 to February 17 (1951), except
September and January, at various depths; never particularly abun
dant; maximum (460) on May 1 and February 17 (1951) at the surface.
The length of the theca varies from 18 to 34µ, the thick-walled
individuals being largest. The transdiameter is usually approximately
equal to the length of the cell, but it may be slightly shorter or longer.

Figure 24.

Cladopyxis claytoni n. sp., 600 X.

Figure 25. Cladopyxis claytoni n. sp., 1000 X; typical variations in the shape and propor
tions of the theca.
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A small blunt protuberance at the apex of the epitheca characterizes
this species. The spines seem to originate on or close to the edge of
the lists of the transverse sulcus, numbering 5-6 on the epitheca and
6 on the hypotheca. It is most probably an autotroph. None of
the details of the plate structure could be seen since the theca dis
solves rapidly in Eau de Javelle. For the same reason, the precise
origin of the spines could not be positively ascertained. Fig. 24
illustrates a typical specimen, Fig. 25 some typical variations in the
outline of the theca.

Cladopyxis cf carophyllitm (Kofoid) Pavillard
Twice in March at the surface; specimens greatly resembled this
tropical species, which has not been recorded in this area before;
it is doubtless a visitor.

Cochlodinium sp.
February (1950), May, August, and September; maximum (110)
on August 8 at O m.

Dinophysis acuta Ehrenberg
Observed once at 25 m on September 2.

Dinophysis arctica Mereschkowsky
Late March to mid-December; recorded occasionally in low num
bers in the deeper layers.

Exuviaella apora Schiller
Once in March, May, and August: maximum (110) on August 8
at surface. There is a remote possibility that some specimens have
been recorded under "centrate diatoms not classified."

Exuviaella baltica Lohmann
Taken throughout investigation at one or more depths in every
sampling series; common and abundant. Fig. 26 illustrates the
annual cycle of this photosynthetic dinoflagellate.

Glenodinium danicum Paulsen
Following the precedent set by Braarud, this species includes all
of "the small Glenodinium-like specimens which were left-handed
and had a displacement of the girdle about the same as that shown
in the figure which accompanied the original description of Glenodinium
danicum Paulsen" (see Braarud, 1935, 2: 104).
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Figure 27. Annual cycle of GZenodinium danicum.

Most of the specimens were recognized by habitus, although a
dozen or so were examined more closely to make certain that they
possessed the above-mentioned characteristics. In spite of their
great similarity in size and form, this examination revealed that
various genera and species were actually present. The time required
to examine all of the specimens individually would have been enor
mous; for that reason, as with "centrate diatoms not classified,"
the simple time-saving procedure of lumping was adopted.
Detailed examination of a few specimens revealed that the following
were present in addition to Glenodinium danicum Paulsen: Goniaulax
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sp. Paulsen (1911), Goniodoma ostenfeldi Paulsen, and a Glenodinium
danicum figured by Braarud (1935: 104, fig. 23a). In all probability
a detailed examination of additional specimens would have revealed
additional genera and species. The annual cycle of this heterogeneous
group is presented in Fig. 27.

Goniaulax cf diegensis Kofoid
Early October, throughout November, and early December in the
upper 25 m; maximum (29) on November 9 and November 23 at
0 and 25 m respectively. Only five examples of this organism were
seen, hence there is some doubt that it has been properly classified.
Goniaulax gracilis Schiller
May 1 to November 23 at various depths; present continuously
and in abundance; maximum (9,500) on August 8 at 25 m. See
Fig. 29 for details of annual cycle.
Schiller (1933) lists it, with illustration, as an uncertain species,
but he makes no comment on its occurrence or morphology. Small
Goniaulax were observed at St. B with great regularity, and detailed
examination of the thecae of many individuals indicated that they
were probably identical with G. gracilis Schiller. In Fig. 28 a typical

Figure 28.

Goniaulax gracilis Schiller. 1690 X.

specimen is illustrated. The length of the cell varies from 10 to 15µ
and the girdle is frequently wider than that shown here and in Schiller's
drawing. The plate structure indicated in Fig. 28 can be regarded
as tentative only, since the organism is so small that details are
difficult to see and interpret.
Considering its occurrence from May through November, G. gracilis
must be regarded as well adapted to conditions in the southern central
Labrador Sea. Failure of earlier investigators to report it is probably
due to their collecting methods rather than oversight.
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Annual cycle of Goniaulax oracilis.

Gymnodinium lohmanni Paulsen
May 1 to January 13 at various depths; recorded almost contin
uously; maximum (3,300) on June 27 at surface; late summer minimum
in August. From mid-September through December 9 this hetero
trophic species occurred continuously but not in the same abundance
as in midsummer. It occurred also on January 13.
Gymnodinium wulffi Schiller
Recorded throughout almost entire period of investigation at
various depths; it appeared first in early March, reached a maximum
(12,000) on June 7 at 25 m, and remained abundant until December 9,
after which it decreased in abundance. The annual cycle is presented
in Fig. 30. This small heterotrophic species was originally described
from the Barents Sea.
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Figure 30. Annual cycle of Gymnodinium wuljfi.

Gyrodinium spp.
Recorded intermittently from early March to December 31 at
various depths, except for June, July and early August, when they
were present nearly continuously; maximum (720) on September 21
at the surface. Included here are one or more species which could
be identified only to genus.
Heterodinium cf milneri (Murray and Whitting) Kofoid
February 28 (1950) at surface; a single specimen believed to be
this species was observed in the check sample. A tropical species,
it probably was carried into our area by northbound currents.
Oxytoxum nanurn Haller Nielsen
March 8 to January 13 at one or more depths; present at all depths
in December only; maximum (1,500) on June 7 at the surface. Its
depth distribution gives the impression that it is perhaps a visitor
to the area, but conclusive evidence is lacking.
Oxytoxum sp.
Irregularly from late March to December 19; maximum (420) on
May 24 at the surface. Probably both 0. tesselatum (Stein) Schutt
and 0. belgicae Meunier are included under this heading, though
certain identifications could not be made.
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Peridinium brevipes Paulsen
Small numbers occurred fairly regularly throughout the year;
maximum (650) on July 11 at the surface.

Peridinium curvipes Ostenfeld
Observed on only three occasions, on May 1, July 11 and July 25;
maximum (160) at the surface on July 11.

Peridinium depressum Bailey
Early August and early September at 100 and 25 m respectively.
Although this was the most common Peridinium recorded during the
GODTHAAB Expedition, it almost always occurred in the cold waters
along the west coast of Greenland and east coasts of Ellesmere Land,
Baffin Land, and Labrador.

Peridinium globulus var. ovatum (Pouchet) Schiller
Observed once in check of collection for October 26 at 50 m.

Peridinium globiilus var. quarnerense Br. Schreder
Early March to early February continuously at one or more depths;
usually in concentrations of less than 150 cells; maximum (310)
on July at 25 m. Examples of P. roseum Paulsen were probably
observed in early and mid-December, but these were counted as
P. globulus var. quarnerense because of the difficulty in separating
the two. At best P. roseum is a doubtful species and probably should
be referred to P. globulus var. quarnerense.

Peridinium minusculum Pavillard
Observed continuously from March 29 to August 1 and on two
successive dates, in September and finally in early November, at
various depths; maximum (1,800) on June 7 at the surface. Gran
(1929a) and Gr¢ntved and Seidenfaden (1938) observed P. minusculum
[Minuscula bipes (Paulsen) Lebour] in the Davis Strait and north
of Disko Island respectively. Its occurrence in the vicinity of St. B
has not been recorded previously.

Peridinium oceanicum Vanhoffen
Recorded twice: August 15 and September 12 at the surface.
species is probably not indigenous to the area.

This
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Peridinium cf pedunculatum Schutt
A single specimen, probably this species, was observed on December
31 at 25 m. This warm-water species has also been observed m
October by Ostenfeld and Paulsen (1904) off Cape Farewell.

Peridinium pellucidum (Bergh) Schutt
Observed in low numbers at various depths on July 4, August 1,
and September 2.

Peridinium pyriforme Paulsen
July 11 at the surface and possibly on May 1 at 100 m.
Peridinium subinerme Paulsen
Once on July 25 at 25 m.
Peridinium trochoideum (Stein) Lemmermann
Twice in March at O and 100 m, and probably once in December
at 25 m. There is a remote possibility that this temperate coastal
species occurred more often but was classified as Goniaulax gracilis.

Peridinium sp.
Small dinoflagellates, seen on numerous occasions, were probably
members of the genus Peridinium. These observations are quite
questionable.
Phalacroma rotundatum (Claparede and Lachmann) Kofoid and
Micherer.
Spring to late fall, and December; occurred fairly regularly at all
depths but most frequently in upper 50 m; cell counts exceeded
100 on only a few occasions; maximum (190) on September 2 at 25 m.
A single megacytic specimen was observed on July 4 at 100 m.
Phalacroma sp. (including P. pulchellum Lebour, P. riiudi Braarud, and
P. braarudi Nordli).
March to late July at various depths; maximum (350) on May 31
at 25 m. These three species may be the same; distinguishing each
from the others was most difficult. Many megacytic specimens
indicate that conditions in one area probably were not optimal.
Environmental conditions may have affected the cell morphology
in some way, but this cannot be said with certainty.
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Podolampas palmipes Stein
November 23 and December 9, one on each date at the surface.
This subtropical species has been observed by other investigators,
and according to Gr¢ntved and Seidenfaden (1938) it is carried into
this area by a temperate current which moves up along the southwest
coast of Greenland in the autumn.
Prorocentrum micans Ehrenberg
September 2 at surface; observed only once, in the check sample.
Dinoflagellates not classified
Included in this group are the dinoflagellates which could not be
classified. Since most of the species were small (5-12µ), no attempt
was made to separate out the Gymnodiniaceae, thecate or athecate
forms, or to determine whether these organisms possessed chromato
phores. Consequently this is a heterogeneous group with respect
to both systematic position and mode of nutrition.
It is unfortunate that this group could not be classified more thor
oughly, since it represented a substantial portion of the total phyto
plankton. However, such treatment is next to impossible with
preserved material inasmuch as the preservative and killing agent
changes the shape and internal organization of the athecate forms.
Although the thecate individuals are less damaged, difficulty in
identification still remains.
Euglena sp.

EUGLENINEAE

A Euglena which could not be classified to species was of considerable
quantitative importance. First recorded in a check of the March 22
sample, it reached a maximum (12,000) at the surface on June 27,
after which it declined rapidly; after August 15 it was seen only twice,
on September 21 at 50 and 100 m and again on November 23 at the
surface.
Bodo marina Braarud

PROTOMASTIGINEAE

Occurred in almost every sample during investigation; most im
portant species numerically at St. B. See Fig. 31 for its annual
cycle. Haller Nielsen (personal communication) believes that Braarud
(1935) may have been in error when he placed this small heterotroph
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Annual cycle of Bodo marina.

in the genus Bodo. Since it resembles Rhodomonas ruttneri Schiller,
it may be that or possibly a species of Chilimonas. However, since
the matter is unsettled, the name proposed by Braarud is used here.
XANTHOPHYCEAE

Halosphaera viridis Schmitz
Present from March until late December, but not abundant or
regular in occurrence until mid-September; by November 9 it had
begun to decrease and was last observed on December 31; maximum
(780) on September 21 at 100 m. Although H. viridis was not abun
dant enough to make a statistical study of the variation in cell diame
ter, the smallest cells (10-14µ) were observed in August, the largest in
early September (17-32µ), March and June (35µ).
Monades and Flagellates
Most abundant group numerically; observed in every sample;
the concentrations, lowest during winter, increased with stability in the
surface layers; fairly high concentrations (roughly 60,000 to 350,000)
but with fluctuations of considerable magnitude in upper layers
throughout summer and early fall; rapid decrease in numbers after
October 26.
Though this artificial classification is unsatisfactory, most investiga
tors working with similar methods and materials have found it neces-
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sary to lump all minute flagellates together. Formalin preservation
destroys and distorts beyond recognition the greater number of small
naked flagellates, but even if they were preserved satisfactorily their
small size (roughly 2-5µ) makes identification difficult if not im
possible.
CILIATA

No consistent effort was made to identify the Tintinnoinea beyond
genus. Since no attempt was made to identify all of the specimens,
only the most numerous species are noted in the following account.
Considerable difficulty was encountered in identifying species of
Laboea, since descriptions in the literature are not entirely satisfactory.
Hence the frequent use of "ciliate cf Laboea."
Acanthostomella norvegica (Duday) J�rgensen
Late March to October 26 at various depths; recorded continuously
after May 1; two pronounced maxima, May 31 at 25 m and July 25
at surface. This was probably the only member of the genus en
countered during the investigation.
Amphorellopsis sp.
A single specimen of this genus was observed in a check of the
March 8 sample taken at 100 m.
Craterella sp.
On September 21, specimens (120) of a species belonging to this
genus were recorded at the surface.
Didinium gargantua Meunier
June 7 to December 19 at various depths; observed continuously
from June 7 until August 1; maximum (700) on June 14 at 25 m.
Didinium parvulum Gaarder
March 29 to December 9 with only a few interruptions; observed
more regularly and for a longer period than D. gargantua; maximum
(1,200) on July 4 at 0 m; secondary maximum (910) on September
21 at 25 m.
Laboea conica Lohmann
Greatest abundance observed at surface; recorded from deeper
layers only intermittently; maximum (17,000) on July 11 at the surface.
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Laboea constricta Leegaard
September 12 at 50 m.
Laboea emergens Leegaard
Recorded intermittently from April 5 to January 13, but present
continuously from May 1 to July 25; most frequently observed at
mid-depths; maximum (480) on July 25 at 50 m.
Laboea strobila Lohmann
July 25 at the surface; (46).
Lohmanniella oviformis Leegaard
Observed continuously from March 8 to December 9; maximum
(1,600) on July 4 at Om; concentrations of 1000 or more at the surface
on July 11 and 25. This was the most frequently encountered ciliate.
Lohmanniella spiralis Leegaard
Observed irregularly in small numbers from April 5 to December
19 in the upper 50 m.
Parafavella spp.
February 28 to January 13, 1951; observed frequently; maximum
on September 21 at the surface. P. edentata (Brandt) Kofoid and
Campbell was by far the most common species of this genus; a single
specimen of P. parundentata was probably observed on one or two
occasions.
Ptychocylis spp.
June 14 to December 31, mostly at 25 and 50 m; present intermit
tently in low numbers. P. urnula (Claparede and Lachmann)
Brandt was the dominant species, but P. minor Jl)Srgensen may have
occurred once.
Salpingella acuminata (Claparede and Lachmann) Jl)Srgensen emended
Kofoid and Campbell.
February 28 to December 19 in low numbers, most frequently at
lower depths. S. acuminata was probably the only species of this
genus observed.
Tintinnus sp.
March 22 to August 8, mostly in surface layers; recorded inter
mittently.
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Woodania conicoides Leegaard
May 1 to December 9 at various depths; present continuously
from May 31 to September 21; maximum (1,100) on July 4 at the
surface.
Ciliate cf Laboea
Present almost continuously from February 28 to December 19;
maximum (15,000) on August 1 at Om; a secondary maximum (3,600)
on May 31 at 25 m. As noted previously, difficulty was encountered
in identifying species of Laboea because of inadequate reference
material.
Ciliate (Holotricha)
Present almost continuously from March 29 to January 13 at one
or more depths; maximum on July 11 at 25 m. Two species of holo
trichus ciliates which could not be identified are included here.
Ciliates not classified
Ciliates which could not be classified have been placed together
here. Most of the specimens lacked loricae, but they probably
belonged either to the Tintinnoinea or to the genus Laboea.
Pollen grains, spores, cysts, larvae, crustaceans, radiolarians, etc.
A variety of these forms were encountered during the investigation.
Of these, only Pterosperma cristatum Gaarder has been identified.
SUMMARY AND CONCLUSIONS
1. In 1950-51 the phytoplankton population of the central Labra
dor Sea consisted of relatively few species that were of numerical
importance; however, there were substantial numbers of individuals.
2. The phytoplankton population was not arctic, boreal, or tem
perate, nor was it completely oceanic or neritic. The mixture of
organisms from various biogeographic provinces confirmed hydro
graphers' observations concerning the circulation of water masses
in the area.
3. Due to the cyclonic movement of water within the Central
Eddy, the observed populations at St. B received contributions from
the different currents that contribute to the Eddy. The over-all
uniformity in the composition of the populations indicates that
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environmental conditions were probably similar over a large part
of the Central Eddy during the period of investigation.
4. The smaller phytoplankton species (nannoplankton) made up
a substantial portion of the total population.
5. During winter the phytoplankton was not abundant and the
population often contained recognizable allochthonous elements.
Augmentation, which began in late March, culminated in the spring
diatom and dinoflagellate bloom on June 7. During summer the
autotrophic fraction of the phytoplankton population decreased and
reached a minimum early in August, after which the numbers again
increased until September 21 when a large population was recorded
at the surface. The heterotrophic fraction fluctuated but remained
at a relatively high level throughout the summer, reaching its annual
maximum on September 21. Following this bloom, both fractions
paralleled each other closely, exhibiting an increase in late October
and then a decrease to the low winter level.
6. A descriptive analysis of the factors controlling the population
revealed that the major changes in phytoplankton abundance prob
ably could be accounted for by changes in solar radiation, stability,
zooplankton, and nutrients. Remarks concerning the distribution
and availability of nutrients and about factors controlling the hetero
trophic portion of the population are speculative in nature.
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